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PREFACE 



TO 

THE SECOND EDITIOK 



The fiest edition of this book appeared in 1842 , and 
since then only one important work on the same 
subject has appeared, namely, in 1872, by Professor 
Dana, on Corals and Coral»Keefs. In this work he 
justly says that I have not laid sufficient weight on 
the mean temperature of the sea, in determining the 
distribution of coral-reefs ; but neither a low tempera- 
ture nor the presence of mud-banks accounts, as it 
appears to me, for the absence of coral-reefs through- 
out certain areas; and we must look to some more 
recondite cause. Professor Dana, also, insists that 
volcanic action prevents the growth of coral-reefs 
much more effectually than 1 had supposed ; hut 
how the heat or poisonous exhalations from a volcano 
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can affect the whole circumference of a large island 
is not clear. Nor does this fact, if fully established, 
falsify my generalisation that volcanos in a state of 
action, are not found within the areas of subsidence, 
whilst they are often present within those of elevation ; 
for I have not been influenced in my judgment by the 
absence or presence of coral-reefs round active volcanos * 
I have judged only by finding upraised marine remains 
within the areas of elevation, and by the vicinity of 
atolls and barrier-reefs with reference to the areas 
of subsidence. Professor Dana apparently supposes 
(p. 320) that I look at fringing-reefs as a proof of 
the recent elevation of the land; but I have ex- 
pressly stated that such reefs, as a general rule, 
indicate that the land has either long remained at the 
same level or has been recently elevated. Neverthe- 
less, froTti upraised recent remains having been foiind 
in a large number of cases on coasts which are fringed 
by coral-reefs, it appears that of these two alternatives 
recent elevation has been much more frequent than a 
stationaiy condition. Professor Dana further believes 
that many of the lagoon-islands in the Panmotu 
or Low Archipelago and elsewhere have recently 
been elevated to a height of a few feet, although 
originally formed during a period of subsidence ; but I 
shall endeavour to show in the sixth chapter of the 
present edition that lagoon-islands which have long 
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remained at a stationary level often present the false 
appearance of having been slightly elevated. 

Although I thus demur to some of the remarks and 
criticisms made by this eminent naturalist, who ha^ 
examined more coral formations than almost any other 
man, yet I do not the less admire his work. It has 
also afforded me the highest satisfaction to find that 
he accepts the fundamental proposition that lagoon- 
islands or atolls, and barrier-reefs, have been formed 
during periods of subsidence* 

The late Professor Jukes, in his account of the 
voyage of H*M.S, Fly^ published in 1847, devoted a 
chapter to the Barrier-Reefs of Australia, and thus 
concludes i ^ After seeing much of the Great Barrier- 
reefs, and reflecting much upon them, and trying if it 
were possible by any me^ms to evade the conclusions to 
which i^Ir, Darwin has come, I cannot help adding that 
his hypothesis is perfectly satisfactory to my mind, and 
rises beyond a mere hypothesis into the true theory of 
coral-reefs/ 

On the other hand, a distinguished naturalist, Pro- 
fessor Semper, differs much from me, although he 
seems willing to admit that some atolls and barrier- 
reefs have been formed in the manner in which I 
suppose. I will give in the Appendix, under the liead 
of the Pelcw Islands, which were carefully examined 
by him, some account of his objections, and I will here 
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only state that his view docs not differ essentially from 
that of Chamisso, which will hereafter be discussed. 
It will be seen that the evidence in favour of atolls 
and barrier-reefs having been formed during sub- 
sidence is of a cumulative nature; and that it is 
very difficult to judge with safety respecting any 
single lagoon-island or barrier-reef, or small group of 
them, even if the depth outside the reef and the slope 
of the encircled land are both known. 

In the present edition I have added some new facts 
and have revised the whole book ; the latter chapters 
having been almost re-written. The appended map of 
the Pacific and Indian remains in nearly the same 

state as before, for I have added only two red and two 
blue circles. I have removed an active volcano, which 
was formerly supposed to exist in Torres Straits. An 
account of a remarkable bar of sandstone off Pemana- 
buco on the Brazilian coast has been added to the 
Appendix, as this bar is protected from the wear 
and tear of the waves by a coating of organic bodies, 
in the same manner as are most coral-reefs. It also 
resembles a coral-reef in shape or outline to a curiously 
deceptive degree* If I had been better situated during 
the last thirty years, for hearing of recent discoveries 
in the Pacific, and for consulting charts published in 
various countries, my map might have been greatly 
improved. But I hope that before long some one may 
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be induced to colour a map on a large scale, on nearly 
tlic same principles as I have done, and in accordance 
with our advanced state of geographical knowledge; 
for I believe that he would thus arrive at some new 
and striking generalisations, 

Dowif, KE*Vt: 

Fthruarif 1S74, 
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I SHALL KAYE ocOASTOHj in many parts of the follow- 
ing voliunej to acknowledge the valuahle information 
I have received from several persons j but I must 
more particularly express my obligations to Captain 
E* Moresby^ who conducted the survey of the 
Red Sea, and of the archipelagoes of low coral-islands 
in the Indian Ocean* I begj alsoj to be permitted to 
return my best thanks to Captain Beaufort, for 
having given me free access to the charts in the Ad- 
miralty, as well as to Captain Beecher, for most 

kindly aiding me in consulting them* My thanks are 
likewise especially due to Captain Washington, E.N., 
for his invariable desire to assist me in every possible 
manner. Having in former publications had the plea- 
sure of acknowledging how much I owe to Captain 
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FitzRoy, for liaviog permitted me to volunteer my 
services on board H.M*S. Beagh^ and for his uniform 
kindness in giving me assistance in my researches, I 
can here only repeat my obligations to him* The 
materials for this volume were nearly ready t>vo years 
ago ; but owing to ill health, its publication has been 
delayed. The two succeeding PartS’ — one on the vol- 
canic islands visited dmang the voyage of the Beagle^ 
and the other on South America— will appear as soon 
as they can be prepared* 



May 2, 1842. 
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PLATE I. at tnd of 

In the i3CTeral original surveys, fix>m ■which the femall plans on this 
plate have been reduced, the coral-reefs are engraved in very different 
styles. For the sake of uniformity ^ I have adopted the style used 
in the ebauts of the Chagos Archipelago, published by tb© East 
India Companjj from the survey by CapL Moresby and Lieut. 
PowelL The surface of tlic reef, ■which dries at lo^r ■water, is 
represented by a stippled surface witli small crosses : the coral- 
islets on the reef arc marked by small linear unstippled spaces, on 
whicli a fev cocoa-xmt trees, out of all proportion too large, have 
been introduced for the Siike of clearness. The entire ann^ar reef 
which when surrounding an open expanse of watery forms an * atoll,^ 
and when surrounding on© or more high islands, forms an en- 
circling *barrier-rccf/ has a nearly unifonn structure, and has been 
tinted, in order to catch the eye, of a pede Mteo colour. The reefs 
in some of the original surveys are repreaeuted merely by a single 
line with crosses, so that their breadth is not given ; I h.ave had 
such reefs engraved of th© width usually attained by coral-reefs, I 
hav© not thought it worth white to introduce all those small and 
very uumcrous reefs, ■which occur within the lagoons of most atolls 
and within the lagoon-chaiiiiels of most barrier-reefs, and which 
stand either isolated, or are attached to the shores of the reef or 
land. At Peros Banhos none of the lagoon-reefs rise to the surface 
of the water ; a few of them have been introduced, and are marked 
by plain dotted circles, A few of the decpeiit soundings ere laid 
down w'itldu each reef^ they are in fathoms, of six English feet.. 

Fig. 1,-^Vaxtkoho, situated in tlie western part of th© S. Pacific; taken 
from th© survey by Capt. D’Urville in the As/roiai^ ; the scale is ^ 
of HU inch to a gcogiap>bica] mile ; the soundings on the southern 
side of the island, namely from 30 to 40 fathoms, arc given from 

a 
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tho \ oyago of th© Chew Dillon j the other souadings are laid down 
from the purvey by D’Uirille; height of the summit of the m- 
hiad is ^j032 feet» The pdtidpal small detadiod reefs within 
the lagoon-chaanel have in this instarico been represetitod. The 
southern shore of (iie islarul is narrowly fringed by a roof; if the 
engraver had carriod this reef entirely round both islands, this 
figury would have served (by leaving out in imagination the bar- 
rier-reef) as a good speeiinen of m abruptly-sided island, sur- 
rounded by a reef of the fringing class. 

Fig. 2. — Hogoieu, or Rotjg, in the Caroline Archipelago ; taken ftom 
the atlas of the Voyage of the Asiroiabet compiled frtim the surveys 
of Capbiins Diiperrey and D'Ur\'ille ; scale ^ of an inch to a mite ; 
the depth of the immense lagoon- like space within the reef is not 
know'it. 

Fig. 3. — lUuTKA, in the Society Archipelago ; from the map given in 
the quarto edition of Cook’s First Voyage ; it is probably not accurate ; 
scale ^ of an inch to a mile. 

Fig. 4. — IJow', or Hetou atoel (or lagoon-island), in t)ie Low Archi- 
pelago ; from the survey by Capt. Bcechey, K.K j scale ^ of an inch 
to a mile ; the lagoon is choked up w'ith reefs, but the average 
gftiutest depth of about 20 fathoms, is given from the publislicd 
accouiit of the voyage. 

Fig. 5 . — Bouabola, in the Society Archipelago ; from the survey of 
Capt. Diiperrey, in the CoqUUh ; scale J of an inch to a mil© ; th© 
soundings in this and th© following figure have been altered from 
French feet to English fathoms ; height of highest point of the 
island 4,026 feet. 

Fig. 6 . — Macbita, in the Society Archipelago; from the survey by 
Capt Duperrey in th© Coguilk; scale \ of an inch to a mile; height 
of land about 800 feet. 

Fig. 7. — Pocr.vjpiiTK, or Skniavixe, in the Caroline Archipelago ; from 
the survey by Admiral Lufk^ ; seal© ^ of an i neh to a mile . 

Fig. B- — Gambieui Isia^us, in tli© southern part of the Low Archi- 
pelago ; from th© survey by Capt. Boechey ; scaio ^ of an inch to a 
mile; height of highest island, 1,240 feet ; the isbinds are surrounded 
by ©xtensiv© and irregular reefs ; the reef on th© southern side is 
submerged. 

Fig. 0 . — Pkbos Ba^jhos atotx (or lagoon-island), in the Chagos group 
in th© Indian Ocean ; from the survey by Capt Moresby and Lieut 



The Complete Work of Charles Darwin Online 



BJiHSCRimOX OF PLATES. 



XiX 



Powell; scale | of on inch lo » mile; not nearly all the small sub- 
merged reefs in the lagoon are repre^nted ; tlie annular on the 
south era side is submerged. 

Fig. 10, — ^KiOiLiNc, or Cocos atoi^i- (or lagoon-island), in the Indian 
Oec-an ; from the survey by OpL FiLiHoy ; scale ^ of an inch lo a 
mile ; the Jagoon south of the dotted line is very shallow, and is left 
almost bare at low water ; the part north of tlie line ia chok<3d up 
with irregular reeis- The onmtiar raaf on the N.W, side Is btXfken, 
and blends into a shoal sand-bank^ on which the sea breaks. 



PLATK II. al ettd of Vbiuiiw. 

Fig. l.^GiiKAT CuAOos BakIl, in the Indian Ocean ; taken from the 
survey by Capt. Moresby and Lieut, Powell ; scale of an inch to 
a mile (same scale m Hogoleu, in Plate 1-) ; the parts which are 
shaded, with the exception of two or ihroo islets on the westerii and 
northern sides, do not rise to tlie surface, but are, submerged from 4 
to 10 Mhoms ; the banka bounded by tlie doued lines lie from 15 to 
20 fathoms beneath the surface, atul are formed of sand ; the contrail 
Hpaee is of mud, and from 30 to 60 fatliojna deep. 

Fig, 2,—A vertical section, on the same scale, in an L, and W. line 
across the Great Chugiis Bunk, given for the Sikke of c:xhlbiting more 
clearly its structure. 

p'jg^ 3. — SfnNcnicoFr atoi,l (or liigoon-island), la the l^Earshall Arebi- 
peiago, norihcm Pacific Ocean ; from Kmsenstem's atlas of the 
Pacific ; originally surveyed by Capt, Hagemeister ; scale ^ of an 
inch to a mile ; the depth within the higooua is unknown, 

p'jg^ 4.— Mauxos JlAinxJo ATOO-, together with Ilorsbuigh atoll, iu tlie 
Maldira Archipelago ; from the survey by CepL Moresliy and Lieut, 
Powell I scale ^ of an inch to a mile ; the white spaces iu the 
middle of ihe separate small reefs, botli on the margin and in the 
middle part, are meant to represent little lagoons; but it w?is found 
not possible to disiinguish them clearly from the smaJi islets, which 
luLve been formed on these same small reefs ; many of the SJUivllep 
reefs could nob bo introduced; the nautical mark ( — ) over the 
figures 250 and 200 betweou Mahlos IVlahdoo and Horsburgh atoll 
and Powell's Island, signifies lliat soundings were not obtulnsd at 
these depths. 
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Fig* — New Cat.edonu. in tho w^^tern p«urt of the Pacific j from 

KTOsenst«iii*B atlas, compiled from sotcthI atirvejg ; I havo slightly 
altered the northern poiut of the reef, in accordance with the atlas 
of the Yoyagio of the Astrclahe. In Krusensiern's at las, the reef is 
represented by a single line yith crosses; I hare for the sake of 
nnifonnity added an intenor line ; ecale ^ of an ineh to a mile. 

Fig. (j*— BI alxhya AncHim*AOo, in the Indian Ocean ; from the survey 
Ly Capt* Moresby and Lieut. Powell ; Efcelo jL of an inch to a mile. 



PLATE III. at bi^inniftff </ VoluTne, 

The principles on which this map is coloured are csplained id the 
beginning of Chapter VI, ; aud the authorities for colouring each 
particular spot are detailed in tho Appendix;* The names printed 
in italics 'm the Index refer to the Appendix, 
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INTRODDCTIOS. 

The object of this volume is to describe from my own 
observation and the works of othei*3, the principal 
kinds of coral-reefs, and to explain the origin of their 
peculiar forms, I shall not hero treat of the poly- 
pifers, which construct these vast works, except as 
to their distribution, and the conditions iav curable 
to their \igoroU3 growth. 

Without any distinct intention to classify coral- 
reefs, most Yoyagors have spoken of tlaera under the- 
following heads : ‘ lagoon-islands ’ or ^ atolls,^ ‘ barrier ’ 
or ^encircling reefs,’ and ^fringing’ or * shore reefs/ 
The lagoon-islands have received much the most atten- 
tion I and it is not surprising, for every one must be 
struck with astonishment, when he first beholds one of 

n 
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these vast rings of coral-rock, often raanj leagues in 
diameter, here and there surmounted by a low verdant 
island with dazzling white sliores, bathed on the out^ 
side by the foaming breakers of the ocean, and on the 
inside surrounding a calm expanse of water, which, 
from reflection, is generally of a bright but pale green 
colour. The naturalist will feel this astonishment 
more deeply after having examined the soft and almost 
gelatinous bodies of tliese apparently insignificant 
coral-polypifers, and when he knows that the solid reef 
increases only oo the outer edge, which day and night 

No. 1. 




is lashed by the breakers of an ocean never at 
rest. Well did Francois Pyiard de Laval, in the 
year 1C05, exclaim, ‘ C’est une Tnemeiile de voir 
chacun de ces atolIonR, enuimnne dhin grand banc de 
pierre tout autonr, n’y a)'ant point d’artifice Immain.’ 
The above sketch of ^^'hitelmday Island, in the 
S. Pacific, taken from Capt. Beech ey’s admirable 
Voyage, although cxcelleDt of its kind, gives but a 



The Complete Work of Charles Darwin Online 



INTRODTTCTIOK. 



3 



filint idea of the singular aspect of one of these 
lagoon-islands. Whitsunday Island is of small size, 
and the whole circle has been converted into land, 
which is a compamtivel}^ rare circumstance. As the 
reef of a lagoon-island generally supports many sepa- 
rate small islands, tlie word Msland/ applied to the 
whole, is often the cause of confusion ; hence I have 
invariably used in this volume the term ‘ atoll,’ which 
is the name given to these circular coral formations by 
their inhabitants in the Indian Ocean, and is s}m- 
onymous with ^ lagoon-island/ 

Barrier reefs, when encircling small islands, have 
been comparatively little noticed by voyagers; but 



No, 2. 




they well deserve attention. In theii* structure they 
are little less marvellous than atolls* and they give a 
singular and most picturesque character to the scenery 
of the islands they surround. In the accompanying 
sketch, taken from the Voyage of the Coquille, the reef 
is seen from within, from one of the high peaks of Bo- 

B 2 
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hibola,' one of the Society Islands. Here, as in Whit- 
sunday Island, the whole of that part of the reef which 
is visible is converted into land. This is a circum- 
stance of rare occurrence ; more usually a snow-white 
line of great breahers, with here and there an islet 
crowned by cocoa-nut trees, separates the smooth 
waters of the lagoon-like channel from the waves of 
the open sea. The barrier reefs of Australia and of 
?7ew Caledonia, owing to their enormous dimensions, 
have excited much attention : in structure and form 
they resemble those encircling many of the smaller 
islands in the Pacific Ocean. 

With respect to fringing, or shore reefs, there is 
little in their structure which needs explanation ; and 
their name expresses their comparatively small ex- 
tension. They differ from barrier reefs in not lying 
far from the shore, and in not having within them a 
broad channel of deep water. Reefs also occur around 
submerged banks of sediment and of wom-down rock ; 
aud others are scattered quite irregularly where the 
sea is very shallow ; these are allied in most respects 
to fringing reefs, but are of comparatively little 
interest. 

I have given a separate chapter to each of the 
above classes, and have described some one reef or 
island, on which I possessed most information, as 
t \Tpical ; and ha\^e aflter wards compared it with others 
of a like kind. Although this classification is useful 

' I tJilcen tha liberty of si mplifj'i tig the forcgieund, and 1 earing 

pal A iiiQuutaiiioua island in iho far disUmce, 
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from being obvious, and from iriolading most of the 
coral-reefs existing in the open sea, it atbnits of a more 
fundamental division into barrier and atoll-formed 
reefs on the one hand, where there is a great apparent 
difficulty with respect to the foundation on which they 
must first have grown ; and into fringing reefs on the 
other, where, owing to the nature of the slope of the 
adjoining land, there is no such difficulty* The two 
blue tints and the red colour on the map (Plate III.) 
represent this main division, as explained in the be- 
ginning of the last chapter* In the Appendix, every 
existing coral-reef, except some on the coast of Brazil 
not included in the map, is briefly described in geo- 
graphical order, as far as I possessed information ; and 
any particular spot may be found by consulting the 
Index, 

Several theories have been advanced to explain the 
origin of atolls or lagoon-islands, but scarcely one to 
account for barrier-reefs. From the limited depths at 
which reef-building polypifers can flourish, taken into 
consideration with certain other circumstances, we are 
compelled to conclude, as it will be seen, that both in 
atolls and barrier-reefs, the foundation to which tire 
coral w^as primarily attached, has subsided ; and that 
during this downward movement, the reefs have grown 
upwards. This conclusion, it wdJl he further seen, 
explains most satisfactorily, the outline and general 
form of atolls and barrier-reefs, and likewise certain 
peculiarities in their structure. The distribution, also, 
of the different kinds of coral-reefs, and their position 
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with relation to the areals of recent elevation^ and to 
the paints subject to volcanic eruptions, fully accord 
with this theory of their origin,’ 

^ A brief account of my Tiews on coral formations, now pvblislied 
in my Journal of Restarelics, was read ]May 31, 1S37, before the Geo- 
logical Society, and an abiitruct has appeared in the Proceedings, 
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SECnOK FlESTj KEELING ATOLL. 

on the ouiei^ margin — Z&n^ of Nuilip&ra — Etimor r£^f^Isiet$-^ 
CQrol-co7tfflomeraU — Lagoon — Calcttreom — Eoori and Hedii- 

ihnriift mhmimg mt ooroLs—Chang^^ in ih% c<mdiiim of iho r&ef& m\d 
Uht» — ^rohahU mltBidmco of tM atoll — F^atuT^ &iato of iM iagomi. 

Kebtjng or Cocos atoll is situated in the Indian Ocean^ 
in 12*^ & S. and Jong- 90* 55^ E, ; a reduced elmrt of it 
from the survey of Capt. FitzRoy and the officers of 
H.M.S, ReagJes is given in Plate I. fig. 10. The 
greatest width of this atoll is nine miles and a half. 
Its structure is in most respects characteristic of the 
class to which it belongSj with the exception of the 
shallowness of the lagoon. The accompanying wood- 
cut (No, 3) represents a vertical section, supposed to be 
drawn at low water from the outer coast across one of 
the low islets (one being taken of average dimensions) 
to within the lagoon. The section is true to the scale 
in a horizontal line, but it could not be made so in a 
vertical one, as the average greatest height of the land 
is only between six and twelve feet above high-Avater 
mark, I Avill describe the section, commencing with 
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the outer margin. But I must first observe that the 
reef-building polypifers, not l^eing tidal animals, require 
to be constantly submerged or washed by the l)reakers, 
I was assured by Mr, Liesk, an iutelligent resident on 
these islands, as well as by some chiefs at Tahiti (Ota- 
heite), that an exposure to the rays of the sun for a very 

Ho, 3. 




A — T^vcl of tho ioa at low r whet^ flio lott^r A h placod, tho 
deptli is 2d fathoms, and the dietzince rather inoro tlmn 150 yards from 
the edge of the roef* 

B — Outer edge of tliat flat pLrt of the reef, whieh drica at low 
water : the edge either cottsiata of a cod vex mouudf ua repreacuted, or 
of rugged poiota, like thoao u Uttlo farther seaward, beneath tho water. 

C — A flat of coral-rock, covered at high water. 

I ) — A low projecting ledge of btecciated coral-iock, waahed bj the 
Wave^ at high water* 

E-^A slope of loose fragments, reached by the sea only during 
gales : the upper parti w'bich is from sijc to twelve feet high, is clothed 
with regcUtion. The surface of the islet gently elopes to the lagoon* 

i** — I#cvcl of the lagoon at low w'ater* 



sliort time invariably causes their destruction. Hence 
it is possible only under the most favourable circum- 
stances, afforded by an unusually low tide and smooth 
water, to reach the outer margin, where the coral is 
alive, I succeeded only twice in gaining this part, and 
found it almost entirely composed of a living Porites, 
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Tv^liieh forms great irregnkrly rounded masses (like 
tliose of an Astra?a, hut larger) from four to eight feet 
broadj and little less in thickness. These mounds, are 
separated from each other by narrow crooked channels, 
about six feet deep, most of which intersect the line of 
reef at right angles. On the furthest mound, whicli I 
was able to reach by the aid of a Icaping-pole, and over 
which the sea broke with some violence, although the 
day was quite calm anti the tide low, the polypifers in 
the uppermost cells were all dead, but between three 
and four inches lower down on its side they were living, 
and formed a projecting bonier round the upper anti 
dead surface. The coral being thus checked in its up* 
ward growth, extends laterally, and hence most of the 
masses, especially those a little further inwards, had 
broad fiat dead summits. On the other hand I could 
see, during the recoil of the breakers, that a few yards 
further seaward, the whole convex surface of thePorites 
was alive: so that the point where we were standing 
was almost on the exact upward and shoreward limit of 
existence of those corals which form the outer margin 
of the reef. We shall presently see that there are other 
organic productions, fitted to bear a somewiiab longer 
exposure to the air and sun. 

Next, but much inferior in importance to the 
Forites, is the Millepora complanata^ It grows in 
tliick vertical plates, intersecting each other at various 

^ This Millepora., (Palmipora of Blainvillo,) aa well as tbo M. a^d- 
eotfi-is, possessee the singular property of stinging the skin whoro it ia 
delicate, as on the face and arm. 
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angles, and forms an exceedingly strong honey-comlied 
mass, wliich generally assumes a circular form, the 
marginal plates alone being alive. Between these plates 
and in tlie protect-ed crevices on the reef, a multitude 
of branching zoophytos and other productions flourish, 
but tile Porites and Millepora alone seem able to resist 
the fury of the breakers on its upper and outer edge ; 
at the depth of a few fathoms other kinds of stony 
corals live, Mr, Liesk, who was intimately acquainted 
with every part of this reef, and likewise with that of 
North Keeling atoll, assured me that these corals in- 
variably compose the outer margin. The lagoon is in- 
habitcil by quite a distinct set of corals, generally brittle 
and thinly branched ; but a Porites, apparently of the 
same species %vith that on tlie outside, is found there, 
althougli it does not seem to thrive, and certainly does 
not attain the thousandth part in bulk of the masses 
opposed to the breakers. 

The wood-cut (No, 3) shows the form of the bottom 
outside the reef: the water deepens very gradually 
for a space of between one and two hundred yai'ds 
wide, to a depth of 25 fathoms in section), beyond 
which the sides plunge into the imfathomable ocean 
at an angle of 45*^.* To the depth of ten or twelve 



^ Tile eoundingR from which this sedion is laid down wore t^tketi 
with gr^at care hy Captain himself : he nacd a hen-&h)vpcd 

loud, having a diameter four inchea, and the arDnngs< each time wer« 
cut off and brought ou board for mo to oxamino. The arming is a 
preparaticn of tallow, pUicod in the coneavitj' at the bottom of the 
IcMid. Sand, and even small fnkgments of rock will adherotoit ; and 
if the bottom be of rock, it brings up an exact impression of its surface. 
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fathoms, the bottom in exceedingly rugged and seems 
formed of great masses of living coral^ similar to 
those on the margin- The arming of the lead here 
invarial>ly came tip c[uite clean, but deeply inclented;^ 
and chains and anchors which were lowered, in the 
hopes of tearing up the coral, were broken. Many 
small fragments, however, of alcicorTjds 

were brought up ; and on the arming from an eight- 
fathom cast, there was a perfect impression of an 
Astrtca, appurenlly alive. I examined the rolled 
fragments cast on the beach during gales^ in order fur- 
ther to ascertain what corals grew outside the reef, 
The fragments consisted of many kinds, of which the 
l*orites already mentioned and a Madrepora, apparently 
the M. were the most abundant. As I 

searched in vain in the hollows on the reef and in the 
lagoon, for a living specimen of this Madrepore, I con- 
clude that it is confined to a zone outside, and beneath 
the surface, where it must be very abundant. Frag- 
ments of the MillepQj'a alei^omis and of an Astraea 
were also nmnerons ; the former is found, but not in 
proportionate numbers, in the hollows on the reef; but 
the Astrjoa T did not sec living. Hence we may infer, 
that these are the kinds of coral which form the nigged 
sloping surface (represented in the wood-cut by an 
uneven line) round and beneath the external margin, 
Between 12 and 20 fathoms the arming came up an 
equal number of times smoothed with sand, and in- 
dented with coral : an anchor and lead were lost at the 
respective depths of 13 and 16 fathoms. Out of 
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twenty-fivfi soimdinga taken at a greater depth than 
20 fatbomsj every one shewed that the bottom wag 
covered with gand ; whereas at a less depth than 
12 fathoms, every sounding shewed that it was 
exceedingly rugged^ and free from all extraneous 
particles. Two soundings were obtained at the 
depth of 3d0 fatlioins^ and several between 200 and 
300 fathoms. The sand brought up from these depths 
consisted of finely triturated fragments of stony zoo- 
phytes, hut not, as far as I could distinguish, of a par- 
ticle of any kmcliiform genus : fragments of shells 
were rare. 

At a distance of 2,200 yards from the breakers, Cap- 
tain FitzKoy found no bottom with a line 7,200 feet in 
length ; hence the submarine slope of this coral forma- 
tion is steeper than that of any volcanic cone. Olf the 
mouth of the lagoon, and likewise off the northern 
point of the atoll, where the currents act violently, the 
inclination, owing to the accumulation of sediment, is 
less. As the arming of the lead from all the greater 
depths showed a smooth sandy bottom, I at first con- 
cluded that the whole consisted of a vast conical pile of 
calcareous sand, hut the sudden increase of depth at 
some points, and the fact of the line having been cut, 
when between 500 and 600 fathoms were out, indicates 
the probable existence of submarine cliffs of rock. 

On the margin of the reef, close within the line 
wdiore the upper siuface *of the Porites and of the 
Millepora is dead, three species of ]^ullipora flonrish. 
One grows in thin sheets, like a lichen on old trees ; the 
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second in stoay knoLsj as thick as a naan’s finder, 
radiatinpj from a common centre ; and the third j which 
is less common, in a moss4ikc reticulation of thin, hut 
perfectly rigid branehesJ The three species occur 
either separately or mingled together ; and they form 
hy their successive growth a layer two or three feet in 
thickness, which in some cases is hard, but where formed 
of the lichen-like kind, readily yields an impression to 
the hammer : the surface is of a reddish colour. These 
Nnlliporse, although able to exist above the limit of 
true corals, seem to require to be bathed daring the 
greater part of each tide by breaking water, for they are 
not found in any abundance in the protected hollows on 
the back part of the reef, where they might be immersed 
either dming the whole or an equal proportional time 
of each tide. It is remarkable that organic productions 
of such extreme simplicity, for the Kulliporse undoubt- 
edly belong to one of the lowest classes of tlic vegetable 
kingdom, should be limited to a zone so peculiarly cir- 
cumstanced. Hence the layer composed by their grOAvth, 
merely fringes the reef for a space of about 20 yards in 
width, either under the form of separate mammillated 
projections, where the outer masses of coral are separate, 
or more commonly, where the corals are imitcd into a 
solid margin, as a continuous smooth convex mound 

‘ This last spe<^ipK is of a beautiful bright pcacli-blossom colour. Ita 
branches are about as thick as erow-quille ; tliey are slightly llaltcued 
and knobbed at the extremitlcB. Tho exfi'emities only are alive and 
brightly colouredn The t-wo other species are of a dirty purplish white. 
The second s pedes is extremely hard ; its short ktiob-lilce branches are 
cyliudricat and do not grow thicker at their extremities. 
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(B in wood- cut) like an artificial fire ak water* Both 
the mound and mammillated projections stand afiout 
three feet higher than any other part of the reef, fiy 
which term I do not include the islets, formed fiy the 
accumulation of rolled fragments. We shall hereafter 
sc^e that other coral reefs are protected by a similar 
thick growth of Niilliporse on the outer margin, the part 
most exposed to the fireakerg, and this must effectaally 
aid in preserving it from being worn down. 

The wood-cut (at p. 8) represents a section across 
one of the islets on the reef, but if all that part which 
is above the level of C were removed, the section 
would be that of the reef, as it occurs where islets 
have not been formed. It is this reef which essen- 
tially forms the atolL In Keeling atoll the ring 
encloses the lagoon on all sides except at the northern 
end, where there are two open spaces, tlirouglr one 
of which ships can enter* The reef varies in width 
from 250 to 500 yards ; its surface is level, or very 
slightly inclined towards the lagoon, and at high-tide 
the sea breaks wtirely over it : the water at low tide 
thrown by the breakers on tlie reef, is carried by the 
many narrow and shoal gullies or channels on its sur- 
face, iuto the lagoon : a return stream sets out of the 
lagoou til rough the main entrance. The most frequent 
coral in the hollows on the reef is Focillopora ver- 
rucosa^ which grows in short sinuous plates, or branches, 
and when alive is of a beautifid pale lake-red : a 
Madrepora, closely allied or identical with M^poGillifeTa^f 
is also common* As soon as an islet is formed, and the 
waves are prevented from breaking entirely over tlie 
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reef, the channels ami hollows became filled up with 
fragments cemented together by calcareous matter ; and 
the surface of the reef is converted into a hard smooth 
floor {G of wood-cut), like ari artificial one of free- 
stone, This flat surface .varies in width from 100 to 
200, or even 300 yards, and is strewed with a few large 
fragments of coral torn up during gales : it is uncovered 
only at low water, I could with difficiilty, and only 
by the aid of a chisel procure chips of rock from 
its surface, and therefore could not ascertain how 
much of it is formed by the aggregation of detritus, 
and how much by the outward growth of mounds of 
corals, similar to those now living on the margin. No- 
thing can be more singular tlian the appearance at low 
tide of this ^ flat ^ of naked stone, especially where it is 
externally bounded by the smooth convex mound of 
Nulliporsc, appearing like a breakwater built to resist 
the waves, which are constantly throwing over it sheets 
of foaming water. The characteristic appearance of 
this ^ flat ^ is shown in the foregoing wood-cut of Whit- 
sunday Atoll, 

The islets on the reef arc first formed between 200 
and 300 yards from its outer edge, thiough the accu- 
mulation of a pile of fragments, thrown together by 
some unusually strong gale- Their ordinary width is 
under a t][uarter of a mile, and their length varies from 
a few yards to several miles. Those on the S,K, and 
windward side of the atoll, increase solely by the addi- 
tion of fragments on their outer side ; hence the loose 
blocks of coral, of which their surface is composed, as 
well as the shells mingled with them, almost cxelu- 
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sively consist of tliose kinds which live on the outer 
coast. The highest part of the Islets (excepting hil- 
locks of blown sand, some of which are 30 feet high), is 
close to the outer beach {E of the wood-cnt) and aver- 
ages from six to ten feet above ordinary high-water 
water. From the outer beach the surface slopes gently 
to the shores of the lagoon j and this slope no doubt 
is due to the breakers, the further they have rolled 
over the reef, having had less power to throw up 
fragments* The little waves of the lagoon heap up 
sand and fragments of thinly-b ranched corals on the 
inner side of the islets on the leeward side of the atoll j 
and these islets are broader than those to windward, 
some being even 800 yards in width ; but the land thus 
added is very low. The fragments beneath the surface 
are cemented into a solid mass, which is exposed as a 
ledge {!) of the wood-cut), projecting some yards in 
front of the outer shore, and from two to four feet high. 
This ledge is just reached by the waves at ordinary 
high-water : it extends in front of all the islets, anti 
everywhere has a water-worn and scooped appearance. 
The fragments of coral which are occasionally cast on 
the ^ flat ^ are during gales of unusual violence swept 
together on the beach, where the waves each day at 
liigh-water tend to remove and gradually wear them 
down ; but the lower fragments are firmly cemented 
together by percolated calcarcons matter, and they resist 
the daily tides longer than the loose upper fragments ; 
and thus a projecting ledge is fornied. The cemented 
mass is generally of a white colour, but in some few 
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parts reddish from ferruginous matter : it is very hard 
and sonorous under the hammer : it is ohscuroly divided 
by seams, dipping at a small angle seamrd i it consists 
of fragments of the corals which grow on the outer 
margiDj some quite and others partially rounded, some 
small and others between two and three feet across ; and 
of masses of previously formed conglomerate, torn up, 
rounded, and recemented : or it consists of a calcareous 
sandstone, entirely composed of rounded particles 
of shells, corals, tlie spines of echini, and other organic 
bodies generally almost blended together rocks, 
of this latter kind, occur on many shores, where there 
are no coral-reefs. The structure of the coral in the 
conglomerate has generally been much obscured by the 
infiltration of spathoso calcareous matter j and I col- 
lected an interesting series^ beginning with fragments 
of unaltered coral, and ending with others, where it was 
impossible to discover with the naked eye any trace of 
organic structure. In sonie specimens I was unable, 
even with the aid of a lens, and by wetting them, to 
distinguish the boundaries of the altered coral and 
spathose limestone. Many oven of the blocks of coral 
lying loose on the beaph, had their eeotral parts altered 
and infiltrated. 

The lagoon alone remains to be described ; it is 
much shallower than that of most atolls of considerable 
size. The southern part is almost filled up with banks 
of mud and fields of coral, both dead and alive ; but 
there are considerable spaces, from three to four 
fathoms, and smaller basins from eight to ten fathoms 

c 
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deep. Probably about half its area consists of sedi» 
ment^ and half of coral-reefs. The corals composing^ 
these reefs have a very different aspect from those on 
the outside : they are uumeroTis in kind, and most 
of tliem are thinly branched, Meandrina, however 5 
lives in the lagoon, and many great rounded masses 
of this coral lie loose or almost loose on the bottom. 
The other most common species are three closely 
allied Species of true Madrepora with thin branches ; 
Seriatapora subulaia j two species of Porites ^ with 
cylindrical branches, one of which forms circular clumps, 
with only the exterior branches alive ; and lastly, a 
coral something like an Explanaria, but with stars on 
both surfaces, growing in thin, brittle, stony, foliaceoiis 
expansions, especially in the deeper basins of the 
lagoon. The reefs on whicli these corals grow are 
very irregular in form, are full of cavities, and have 
not a solid flat surface of dead rock, like that surround- 
ing the lagoon ; nor can they be nearly so hard, for 
the inhabitants by the aid of crowbars made a channel 
of considerable length through these reefs, in which a 
schooner, built on the S.E. islet, was floated out. It is 
a very interesting circumstance, pointed out to us by 
]\Ir. Liesk, tliat tins channel, although made less than 
ten years before our visit, was then, as we saw, almost 
choked up with living coral, so that fresh excavations 

* This Forites has Bomewbat the habit of P. but tlia 

btanchos are not knobbed at their endani Whon nliro it is of a jollow 
colour, but after haTiDg been washed in froijh water aud placed to dry^ 
a jot-black slimy substanco eruded from the entire surface, so that tho 
specimon now appears as if it had been dipped in ink. 
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would be absolutely necessary to allow another vessel 
to pass thro ugh it. 

The sediment from the deepest parts in the lagoon, 
when wet, appeared chalky, but when dry, like very fine 
sand. Large soft banks of similar, but even finer 
grained mnd, occur on the S.E, shore of the lagoon, 
affording a thick growth of a Fucus, on which turtle 
feed; this mud, although discoloured by vegetable matter, 
appears from its entire solution in acids to be purely 
caleareous* 1 have seen iu the Museum of the Geolo- 
gical Society, a similar but more remarkablo substance, 
brought by Lient, J^elson from the reefs of Bermuda, 
which, when shewn to several experienced geologists, 
was mistaken by them for true chalk. On the outside 
of the reef mucli sediment must be formed hy the action 
of the surf on the rolled fragments of coral ; but, in the 
calm waters of the lagoon, this can take place only in a 
small degree. There are, however, other and unex- 
pected agents at work here : large shoals of two species 
of S earns, one inhabiting the surf outside the reef and 
the other the lagoon, subsist entirely, as I was assured 
by Mr. Liesk, the intelligent resident before referred to, 
by hr o wising on the li^dng poly pile rs. I opened several 
of these Jish, which are very numerous and of con- 
siderable size, and I found their intestines distended 
by small pieces of coral, and finely ground calcareous 
matter* This must daily pass from them as the finest 
sediment ; much also must be produced by the infinitely 
mimerous vermiform and molluscous animals which 
make cavities in almost every block of coral. Dr. J. 

c 2 
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Allan of Forrcsj who has enjoyed the l)est means of 
observ<atioD, informs me in a letter, that the Iloluthuriae 
(a family of Radiata), subsist on living coral; and the 
singular structure of bone within the anterior extremity 
of their bodies, certainly appears well adapted for this 
purpose. The number of the species of Holuthuria, 
and of the individuals which swarm on every part of 
these coral-reefs, is extraordinarily great ; and many 
ship-loads are, as is well known, annually freighted 
for China with trepang, which is a species of this 
genus. The amount of coral yearly consumed, and 
ground down into the finest mud, by these several crea- 
tures, and probably by many other kinds, must be 
immense. Tliese facts are, howxu^er, of more importance 
in another point of view, aB showdrig us that there are 
living checks to the growth of coral-reefs, and that the 
almost universal law of - consume and bo consumed,^ 
holds good even with the polypifers forming those 
massive bulwarks, wdiich are able to withstand the force 
of the open ocean. 

Considering that Keeling atoll, like other coral for- 
mations, has been entirely formed by the growth of 
organic beings, and the accumulation of their detritus, 
one is naturally led to enquire, how long it has con- 
tinued, and how long it is likely to contimie, in its 
present state, Sir, Liesk informed me that he iiad 
seen an old chart in which the present long island on 
the S.E, side was divided by several channels into as 
many islets ; and be avssures me that the channels can 
still be distinguished by the smaller size of the trees 
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on them. On several islets, also, I observed that anlj 
young cocoa-nut trees were grooving on tlie extremities, 
and that older and taller trees rose in regular succession 
behind them : which shows that these islets have very 
lately increased in length- In the upper and south- 
eastern part of tlie lagoon, I was muck surprised by 
huding an irregular field of at least a mile square of 
branching corals, still upright, but eutii-ely dead. They 
consisted of the species already mentioned ; they were 
of a brown colom-, and so rotten, that in trying to 
stand on them, I sank half way up the leg, as if 
through decayed brushwood. The tops of the branches 
were barely covered by water at the tiinc of lowest tide. 
Several facts having led me to disbelieve in any eleva- 
tion of the whole atoll, I was at first unable to iioagioe 
what cause could have killed so large a field of coraL 
Upon refiection, however, it appeared to me that the 
closing up of the above mentioned channels would be 
a sufficient cause ; for before this, a strong breeze by 
forcing water through them into the head of the 
lagoon, would tend to raise its level. But now this 
cannot happen, and the inhabitants observe that the 
tide rises to a less height, duiing a high S.E. wind, at 
the head than at the mouth of the lagoon. The corals, 
which, under the former condition of things, had at- 
tained the utmost possible limit of upward growtli, 
woidd thus occasionally be exposed for a short time to 
the sun, and be killed. 

Besides the increase of dry land, indicated by the 
foregoing facts, the exterior solid reef appears to have 
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^rown outwards. On the western side of the atoll, the 
‘ Hat ’ lying between the margin of the reef and the 
beach, is reiy wide : and in front of the regular beach 
with its conglomerate basis, there is, in most parts, a 
bed of sand and loose fragments with trees growing 
out of it, which apparently is not reached even by the 
spray at high water. It is evident some change has 
tnkcu place since the waves formed the inner beach : 
that they formerly beat against it with violence was 
evident, from a remarkably thick and water-w^om point 
of conglomerate at one spot, now protected by vegeta- 
tion and a bank of sand ; that they beat against it in 
the same peculiar manner in which the swell from 
windward now obliquely curls round the margin of the 
reef, was evident from the conglomerate having been 
w'Orn into a point projecting from the beach in a simi- 
larly oblique maimer. This retreat in the line of 
action of the breakers may have n^sulted, either from 
the surface of tlie reef in front of the islets having 
formerly been submerged, and afterwards having been 
raised by accumulated fragments, or from the mounds 
of coral on the margin having grown outwards. That 
an outward growth of this part is in process, can 
hardly be doubted from the ezistence of the mounds 
of Porites with their summits apparently lately killed, 
and their sides only three or four inches lower down 
thickened by a fresh layer of living corah But there 
is a difficulty in this supposition which I must not 
pass over. If the whole, or a large part of the ‘ flat," 
bad been foraied by the outward growth of the margin. 
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each successive margin would naturally have been 
coated by the I^ulliporzB, and so much of the surface 
would Lave been of equal height with the existing zone 
of living Jfulliporse : this is not the case, as may he 
Seen in the wood-cut. It iSj howeverj evident from 
the abraded state of the ‘ fiat/ with its original ine- 
qualities filled up, that its surface has been much 
modified ; and it is possible that tlio inner portions of 
tbe zone of NulLiporBe, perislnng as the reef grows out- 
wards, might be wmrn down by the surf. If this has 
not taken place, the reef can in no part imve increased 
outwnrds in breadth since its formation, or at least 
since the Nulllporiu foiTned tbe convex monnd on its 
margin : for the zone thus formed, and which stands 
between two and three feet above the other parts of 
tlie reef, is nowhere much above twenty yards in 
width. 

Thus far we have considered facts, which indicate,, 
with more or less probability, an increase in the 
diameter of the atoll ; but there are others having an 
opposite tendency. On the 8.E. side, Li exit. Sidivan, 
to whose kindness I am indebted for many interesting 
observations, found tbe conglomerate (T), in wood cut) 
projecting on tlie reef nearly fifty yards in front of 
the islets : we may infer from what we elsewhere sea 
that the conglomerate w^as not originally so much 
exposed, hut formed the base of an islet, the front and 
upper part of which has since been swept awa}". The 
degree to which the conglomerate, round nearly the 
whole atoll, has been scooped, broken up, and the frag- 
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monts cast on the beach, is certainly %^ery surprisiTig^ 
even on the view that it is the office of occasional gales 
to pile up fragments, and of the daily tides to wear 
them away. On the western side, also, of the atoll, 
where I have descrihed a bed of sand and fragments 
with trees growing out of it, in front of an old beach, 
it struck both Lieut. Siiiiva.n and myself, from the 
manner in which the trees were being washed down, 
that the surf had lately recommenced an attack on this 
line of coast. Appearances indicating a slight en- 
croachment of the water on the land, are plainer within 
the lagoon : I noticed in several places, holh. on its 
windward and leeward shores, old cocoa-nut trees 
falling with their roots undermined, and the rotten 
stumps of others on the beach, where the inhabitants 
assured tis the cocoa-nut could not now grow. Capt. 
FitzEoy pointed out to me, near the settlement, the 
foundation posts of a shed, now washed by every tide, 
hut which the inhabitants stated, liad seven years 
before stood above high water-mark. In ilie calm 
waters of the lagoon, directly connected with a great, 
and therefore stable ocean, it seems very improbable 
that a change in the currents, sufficiently great to 
cause the water to eat into the laud on all sides, should 
have taken place within a limited period. From these 
considerations I inferred, that probably the atoll had 
lately subsided to a small amount j and this inference 
was strengthened by the circumstance, that in 1834, 
two years before our visit, the island had been shaken 
by a severe earthquake, and by two slighter ones during 
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the ten previous years. Ifj during these subterranean 
disturbances, the atoll did subside, the downward 
movement must have been very small, as we must con- 
clude from the fields of dead coral still lipping the 
surface of the latroon, and from the breakers on the 
■western shore not having yet regained the line of their 
former action* The subsidence must, also, liave been 
preceded by a long period of rest, during which the 
islets extended to their present si^ie, and the living 
margin of Uic reef grew either upwards, or as I believe 
outwards, to its present distance from the beach* 

Whether this view be correct or not, the above 
facts are worthy of attention, as showing how severe a 
struggle is in progress on these low coral-formations 
between the two nicely balanced powers of land and 
water* With respect to the future state of Keeling 
atoll, if left undisturbed, we can see that the islets 
may still extend in length : but as they cannot resist 
the surf until it is broken by rolling over a wide space, 
their increase in breadtli must depend on the in- 
creasing breadth of the reef j and this must be limited 
by the steepness of the submarine flanks, which can be 
added to only by sediment derived from the wear and 
tear of the corah From the rapid growth of the coral 
in the channel cut for the schooner, and from the 
several agents at work in producing fine sediment, it 
might be thought that the lagoon would necessarily 
become quickly filled up. Some of this sediment, 
however, is transported into the open sea, as appears 
from the soundings off the mouth of the lagoon, in* 
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stead of being deposited within it The deposition, 
moreover, of sediment, checks the growth of coral reefs, 
so that these two agencies cannot act together witli full 
effect in filling up the lagoon. We know so little of 
the habits of the many different species of corals, which 
form the lagoon-reefs, that we have no more reason for 
supposing that their Tvhole surface would grow up as 
quickly as the coral did in the schooDer-channelg than 
for supposing that the whole surface of a peat-moss 
woidd increase as quickly as parts are known to do in 
holes, where the peat has been cut away. These 
agencies, nevertheless, tend to fill up the lagoon ; but 
in proportion as it becomes shallower, so must the 
polyp ifers he subject to many injurious agencies, such 
as impure water and loss of food. For instance, Mr, 
Liesk informed me, that some years before our visit 
unusiially heavy rain killed nearly all the fisli in the 
lagoon, and probably the same cause would likewise 
injure the corals. The reefs also, it must be remem- 
bered, cannot possibly rise above the level of the 
lowest spring-tide, so that the final conversion of the 
lagoon into land must be due to the accumulation of 
sediment : and in the midst of the clear water of the 
ocean, and with no surrounding high land, this process 
must be exceedingly slow. 
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gJKCTTON SECOND* 

Gmfndfonii and sige of atolh^ ihtlr refs and inlet &'^E<eternal slope — 
Zone of Ntdlipor^e — Conglomerate— Depth of lagoomSedhmnt— 
Beefs submerged v)kollg or in part — Brcaekes in the ref— Ledge- 
formed shores round ccrlam lagoom— Conversion of lagoons into laud. 

I WILL here give a Bketcli of the general form imd 
stnietnro of the many atolls and atoll-formed reefe 
which occur in the Pacific and Indian oceans, compar- 
ing them with Keeling atolL The Maidiva atolls and 
the Great Chagos Bank differ in so many respects, that 
I shall devote to them, besides occasional references, a 
third section of this chapter* Keeling atoll may be 
considered as of moderate dimen^iions and of regular 
form. Of the tliirty-two islands surveyed by Capt. 
Beechoy in the Low Archipelago, the longest was found 
to be thirty miles, and tlie shortest less than a mile ; 
but Yliegen atoll, situated in another part of the same 
group, appears to be sixty miles long and twenty broad, 
^lost of the atolls in this group are of an elongated 
form; thus Bow Island is thirty miles in length, and 
on an average only six in width (See Fig. 4, l^ate !•), 
and Clermont Tonnere has nearly the same proportions* 
In the Marshall Ardiipelago (the Kalick and Radack 
group of Kots^ebuc) several of the atolls are more than 
thirty miles in length, and Rimsky KorsacolfF is fifty- 
four long, and twenty wide at the broadest part of its 
irregular outline. Most of the atolls in the Maidiva 
Archipelago are of great size, one of them (which, how- 
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ever, l)ears a double name), measured in a medial and 
slightly curved line, is no less than ciglity'-eigbfc geo- 
graphical ndles long, its gi'catest width being under 
twenty, and its least only nine and a half miles. Some 
, atolls have spurs projecting from them; and in the 
Marshall group there are atolls united together by 
linear reefs, for instance Menchioff Island (See Fig. S, 
Plate II.), which is sixty miles in length, and consists 
of three loops tied together. In far the greater num- 
ber of cases an atoll consists of a simple elongated ring, 
with its outline moderately regular. 

The average width of the annular reef may be taken 
at about a quarter of a mile. Capt. Beecbey ^ says 
that in the atolls of the Low Archipelago it exceeded 
in no instance half a mile. The description given of 
the structure and proportional dimensions of the reef 
and islands of Keeling atoll, appears to apply perfectly 
to nearly ail the atolls in the Pacific and Indian 
oceans. The islets are first formed some way back 
either on the projecting points of tlie reef, especially if 
its form be angular, or on the sides of the main en- 
trances into the lagoon — that is in both cases, on points 
where the breakers can act during gales of wind in 
somewhat different directions, so that the matter 
thrown up from one side may aeciimuiate against that 
before thrown up from another. In Lutke' s chart of 
the Caroline atolls, we see many instances of the former 
case; and the occurrence of islets, as if placed for 
beacons, on the points where there is a gateway or 

^ Peechej’s Vojago to the Pacific and Pecring'g Stouts, cliajj. viii. 
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breach tliroug‘h the reef, has been n{jticed by several 
autliors. There are some atoll-formed reefs, risings to 
the surface of the sea and partly dry at low w^atcr, on 
which from some cause islets have never [jceii formed ; 
and there are others, on which they have been former], 
bnt have subsequently been worn awaj» In atolls of 
small dimensions the islets frequently become united 
into a single horse-shoe or ring-formed strip; but 
Biego Garcia, although an atoll of considerable size, 
being thirteen miles and a half in length, has its 
lagoon entirely surroimded, except at the northern end, 
by a belt of lan[l, on an average a third of a. mile in 
width. To show how small the total area of the aniin- 
kr reef and the land is in islands of this class, I may 
quote a remark from tlie voyage of Liitke, namely, that 
if the forty-throe rings, or atolls, in the Caroline Archi- 
pelag-o, were put one within another, and over a steeple 
in the centre of St, Petersburg, the whole would not 
cover that city and its suburbs, 

The form of the bottom, as given by Captain 
Beech ey in his sections of the atolls in the Low 
Archipelago, exactly coincides with that already de- 
scribed in Keeling atoll ; it gradually slopes to about 
twenty fathoms, at the distance of between one and 
two hundred yards from the edge of the reef, and 
then plunges at an angle of 45^ into imhithomabie 
depths. ^ The nature, however, of the bottom seems 

^ Tlio elope of the boltom iround Uie Marshall atolle in the Northern 
Pacliic ie probably similar: Kotzebue (Fij-st Voyage, voL iJ. p. 16 ) 
saysj ' We had at a email dii^tanee from the reef, forty falhoms depth, 
which increased a little further so much that we could liud no bottom/ 
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to differ, for tins officer^ informs me that all the 
soundings, even the deepest, were on coral, but he 
does not know whether dead or alive. The slope 
round Christmas atoll (Lat. I"* 4^N., 157*^ 45MV,), de- 
scribed by Cook,^ is considerably less ; at about half 
a mile fi 'om the edge of tlie reef, the average depth was 
about fourteen fethoms on a fine sandy bottom, and at 
a mile, only between twenty and forty fathoms. It has 
no doubt been owing to this gentle slope, that the strip 
of land surrounding its lagoon, has increased in one 
part to the extraordinary width of three miles; it is 
formed of successive ridges of broken shells and corals, 
like those on the heaclu I know of no other instance 
of such width in the reef of an atoll ; hut Mr. F, 1). 
Bennett informs me that the inclination of the bottom 
round Caroline atoll in the Pacific, is like that off 
Christmas island, very gentle. Off the Maldiva and 
Chagos atolls, the inclination is much more abrupt ; 
thus at Heawandoo Pholo, Lieut, Powell ^ found 50 and 
60 fathoms close to the edge of the reef, and at 300 
yards distance there was no bottom with a 300 yard 
line. Capt. Moresby informs me, that at 100 fathoms 
from the mouth of the lagoon of Diego Garcia be found 
no bottom with 150 fathoms: this is the more remark- 

’ I must be pemittod to express my obligation to Captain Beachoy, 
for the very hind mantier in which he has giron mo in formation on 
sereml points, end to own the great iissi stance I have derived from his 
excellent publi^iietl work* 

® Cook’s Third voi ii, chap. 10. 

* This fact is taken from a JIS. account of these groups lent me by 
Capt. Moresby. Seo abo Capt. Moresby’s piper on the Maldiva atolh 
in the Get^rraphioal Jouamal, voL v. p. ■itU, 
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able, as the slope is generally less abrupt in front of 
channels through a reef, owing to tiie accumulation of 
sediment. At Egmont Island, also, at 150 fathoms 
from the reef, soundings were struck with 150 fathoms. 
Lastly, at Carcloo atoll, only sixty yards from the reef, 
no bottom was obtained, as I am informed by Captain 
Moresby, with a Une of two hundred fathoms ! The 
currents run witli great force round these atolls, and 
where they are strongest, the inclination appears to l)e 
most abrupt. I am informed by the same authority, 
that wherever soundings were obtained off these 
islands, the bottom was invariably sandy ; nor was tliere 
any reason to suspect the existence of submarine cliffs, 
as there Tvag at Keeling Island.^ Here then occurs a 
difficulty ; — can sand accumulate on a slope, which, in 
some cases, appears to exceed fifty-five degrees ? It 
must he observed, that I speak of slopes where sound- 
ings were obtained, and not of such cases, as that of 
Cardoo, where the nature of the bottom is unknown, 
and where its inclination must be nearly vertical. M. 
filie de Beaumont ® has argued, and there is uo higher 
authority on this subject, from the iocliuation at which 
snow slides down in avalanches, that a bed of sand or 

* Off pome of in ito Low Arohipclago the bottom np|)ear5 

to descend hj leclgee. Off Kliznb^th which coDRiPtf of raiBcd 

coral-riick, Capt. Beeclioy (p. 4r^ quarto ed,) dopca'ilifts throe ledges : tlio 
first slop os gently frt>m the l>eaeh to a distance of about fifty yards j 
the second extends two ImndrecI yards with a depth of Iwcnty-llvo 
fathoms, and then ends abruptly, like tlio first; and immediately 
beyond Ibis there is uo l)ot.tom witli two hundred fathoms. 

^ Memo! res pour servir a urto description O^olo^. de France, tome 

lY. p. 216. 
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mud cannot be formed at a greater angle than thirty 
degrees* Considering the number of soundings on 
sand, obtained round the Maldiva and Gliagos atolls, 
winch appear to indicate a greater angle, and the ex* 
trerae abruptness of the sand-banks in the West Indies 
as will be mentioned in the Appendix, I must eondude 
that the adhesive property of wet sand counteracts its 
gravity, in a much greater ratio than has been allowed 
for by M. Elic de Beaumont, From tlie facility with 
which calciireous sand becomes agglutinated, it is not 
ueccssiiry to suppose that the bed of loose sand is thick. 

Capt, Beechey has observed, that the submarine 
slope is much less at the extremities of the more 
elongated atolls in the Low Archipelago, than at their 
sides j in speaking of Ducie’s Island he says ^ tlie 
buttress, as it may be called, which Hias the most 
powerful enemy (tlie S.W. swell) to oppose, is eiirried 
out much further, and with less abruptness, than tlie 
othcr.^ In some cafics, the less inclination of a certain 
part of the external slope, for instance of the northern 
extremities of the two Keeling atolls, is caused by a 
prevailing current which there accumulates a bed of 
sand. Where tlie water is perfectly tranquil, as within 
a lagoon, the reefs generally grow up perpendicularly, 
and sometimes even overhang their bases: on the 
other hand, on the leeward side of Mauritius, where 
the water is goiierally tranquil although not invariably 
so, the reef is very gently inclined. Hence it appears 

> Beoche/ii Voyago, 4ta ed. p* 44. 
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that tho exterior angle is much varied. We ean, 
however, discern the elFects of uniform laws in tlie 
close similarity in form between the sections of Keel- 
ing atoll and of the atolls in the Low Archipelago, 
— in the general steepness of the reefs of the Maldiva 
and Chagos atolls, — and in the perpendicularity of 
those rising out of water always tranquil; but from 
the complex action of the surf and currents on the 
growing powers of the coral and on the deposition 
of sediment, we can by no means follow out all the 
results. 

Where islets have been formed on the reef, that 
part which I have called the ‘ flat/ and which is partly 
dry at low water, appears similar in every atoll. In 
the Marshall group in the N. Pacific, it may be 
inferred from Chamisso’s description, that the reef, 
where islets have not been formed on it, slopes gently 
from the external margin to the shores of the la- 
goon : Flinders states that the Australian barrier has 
a similar inclination inwards, and I have no doubt 
it is of general occurrence, although, according to 
Ehrenberg, the reefs of the lied Sea offer an exception, 
Chamisso obsen^es that ^ the red colour of the reef (at 
the Marshall atolls) under the breakers is caused by a 
Nullipora, wliich covers the stone wh&rever the tvaves 
heat ; and, under favourable circumstances, assumes a 
stalactitical form,’ — a description perfectly applicable 
to the margin of Keeling atoll/ Althougli Chamisso 

^ Kotzebue's Kirst Voyuge, toL iii. p* H2. Near Porto in 

the Cape do Vertl Islands^ some bafuiltic rocks, lashed bj no iuconsider- 

B 
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(loos not state that the masses of Jiullipora? form 
points or a mound, higher than the flat, yet I helieve 
that this is the case ; for KotKehue,* in another part, 
speaks of the rocks on the edge of the reef ^ as visible 
for about two feet at low-water,’ and these rocks W(^ 
may feel certain are not formed of true coral, ^ 
Whether a smooth convex mound of Nulliporae, like 
that which appears as if artificially constructed to 
protect the margin of Keeling Island, is of frequent 
occurrence round atolls, I know not; but we shall 
presently meet with it under precisely the same form, 
on the outer edge of the * barrier reefs ’ which encircle 
the Society Islands. 

There appears to he scarcely a feature in the 
structure of Keeling reef, which is not of common, if 

not of universal occurrence, in other atolls. "J'hus 

hLIo surf, complot€!ly witli a layer of KulUpora, Tho 

out ire surface over many square inchca, waa coloured of a peach* Hlo^m 
Tvd ; tho layer, however, was of no greater thickuc€is than papor. 
Another kind, in the form of projecting knot»»* grow in the sania ^itua* 
tion, Thc«o Xulliporae are closely n-lated to thoeo described on the 
corabraif^t hut 1 belicvo are of diffeietit speciea. 

‘ Kotaobiie’s First Voyage, voK ii. p. Lieut. Nelson, in his ex- 
oelleuL memoir in the Geological Tivinsaetion!* (vol. ii* p. 105), alludes 
to the rocky poiuta mentioned by Kuizebne* and infers that they consist 
of Serpul», which compose inemsting masses on the reefe of Berimidas, 
as they likewise do on a sandstone-bar off tho coast of Brazil, as do* 
scrilicd by me in the London Phi b Journal, OcL 1841* I have added 
my description as a short supplement to the present volume* These 
masses of Serpul;^ hold tlie siime position, reintively to the action of 
tho sea, with the Kidlipone on the coraUreefi iu the Indian and Piieiflo 
oceans. 

® Gapt* MorV’sby, in hie valuable p^iper ^ On the North erri Atolls of 
Maldivas* (Geographical Journal, vol v,), says that the edges of the 
reefs there stand above water at low spring tides. 
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Chamisso describes ^ a layer of coarse conglomerate, 
outside the islets round the J^larshall atolls, which 
^appears ou its upper surface uneven and eaten 
away.’ From drawings with appended remarks, of 
Diego Garcia in the Cbagos group and of several of 
the Maldiva atolls, shown me by Captain Moresby,^ it 
is evident that their outer coasts are subject to the 
same round of decay and renovation as those of 
Keeling atoll, P'rom the description of the atolls in 
the Low Archipelago, given in Captain Beechey's 
Voyage, it is not apparent that any conglomerate 
coral-rock was there observed. 

The lagoon in Keeling atoll k shallow: in the 
atolls of the Low Archipelago the depth varies from 20 
to 38 fathoms, and in the Marshall Group, according 
to Chamisso, from 30 to 33 : in the Caroline atolls it 
is only a little less. Within the Maldiva atolls there 
are large spaces with 45 fathoms, and aonie soundings 
are laid down at 4U fathoms. The greater part of the 
bottom in most lagoons, is formed of sediment ; large 
spaces have exactly the same <lcpth, or the depth 
varies so insensibly, that it is evident tliat no other 
means excepting aqueous deposition, could liave 
' levelled the surface so equally. lu the Maldiva atolls 
this is very conspicuous, and likewise in some of the 
Caroline and Marshall Islands. In the former, large 
spaces consist of sand and soft clay ; and Kotzebue 

* Kotzebue's First Voyage. toL hi. p, H L 

* Seo also Moresby oa tho Northern Atolls of the Mold! vas, Geogra- 
phical Journal, voL \\ p, 400, 

o 2 
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speaks of clay having been foiind within one of the 
^larshall atolls. No doubt this clay is calcareous mud, 
similar to that at Keeling Island, and to that at Ber- 
muda already referred to, as imdistingiiishable from 
disintegrated chalk, and which Lieut. Nelson says is 
called there pipe-clay.' 

Wliere the waves act ^dth unequal force on the 
two sides of an atoll, the islet'i appear to be first 
formed, and are generally of greater length on the more 
exposed shore. The islets, also, which are placed 
to leeward as regards the trade-wind, are in most 
parts of the Pacific liable to be occasionally swept 
entirely away by gales, equalling hurricanes in vio- 
lence, which blow in tbe^ opposite direction. The 
absence of islets on the leeward side of atolls, or, 
when present, their lesser dimensions compared with 
those to windward, is a comparatively unimportant 
fact ; but it is remarkable that in several instances 
the reef itself, although retaining its usual defined 
outline, does not rise to the surface by several fathoms 
on the leeward side. This is the case with the 
southern side of Peros Banhos (Plate I, fig, 9) in tlie 



* I may liom obaotve that on th« c<XT3jt of Brazil, where there h 
roach coral, the souadinga near the land are deiNMfjhed by Adniiml 
KonKHii), In the Pilok du IhhiU a» niliceou^s mingkd wiih luadi 
finely oomniiimted pirtieleg of and eontl. Further in t9io olfing^ 

fair u opmo of 1,300 ntilu^ tJie from iho Abrolhai iftlniida to 
Maniuhem, the hoUom in mnny plncoR h eomiKisod of 'Itif blanc, 
mMc on forme de madfieport^R !iroyAs>* Tliia while substance, probaMy 
ii anniogone to that which within the abeTt-tneTJltoDed lagoons j 

it i» sometimes, according to JRon$sin, firm, and he comjkarDS it to 
mgrtar. 
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Cbagos groiip> with ]\Iaurileu atolP in the Caroline 
.Archipelago, and with the l>arrier reef (Plate I. hg, 8) 
of the Gambier Islands, where Captain Beeehey was 
first led to observe the peculiarity in question. At 
Peros Batihos the submerges! part is nine miles in 
length, and lies at an average depth of about 
five fathoms ; its surface is nearly level, and consists 
of hard stone with a thin covering of loose sand- 
There is scarcely any living coral on it, even on the 
outer margin, as I have been particularly assured by 
Captain 3Ioresby : it is, in fact, a wall of dead coral-rock, 
having the same width and transverse section with the 
reef in its ordinary state, of which it is a continuous 
portion. The living and perfect paits terminate 
abruptly, and abut on the submerged portions, in 
the same manner as occurs where there is a passage 
through tbe roefi The reef to leeward in other cases is 
nearly or quite obliterated, and one side of the lagoon 
is left open; for instance, at Oulleay (Caroline Archi- 
pelago), where a crescent-formed reef is fronted by an 
irregular bank, on which the other half of the annular 
reef probably once stood. At Namonouito in the same 
Archipelago, both these modifications of the reef concur ; 
it consists of a great fiat bank, with from 20 to 25 
fathoms of water on it ; for a length of more than 40 
miles on its southern side it is open and without any 
reef, whilst on the other sides it is hounded by a reef, in 

* Frederic Voyngo ftutour du Monde, roL ii, p. 391. Sen 

^Iso his account of KamououitOi at pp. 97 ^nd 105^ and the chart of 
Oulleay in ih© Atlair. 
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parts rising to the surface and perfectly characterised, 
in parts lying some fathoms submerged* In the Chagos 
group there are annular reefs entirely submerged, which 
have the same structure as the submerged and do6ned 
portions just described* The Speaker's Bank offers an 
excellent example of this structure ; its central expanse, 
which is about 22 Mhoms deep, is 24 miles across ; the 
external rim is of the usual width of annular reefs, and 
is well-defined ; it lies beWeen six and eight fathoms 
beneath the surface, and at the same depth there are 
scattered knolls in the lagoon* Captain Moresby believes 
that the rim consists of dead rock thinly covered with 
sand, and he is certain that this is the case with the 
external rim of the Great Chagos Bank, which is also 
essentially a submerged atoll. In both these cases, as in 
tlie submerged portion of the reef at Peros Banhos, Capt. 
Moresby feels sure that the quantity of living coral, 
even on the outer edge overhanging the deep-sea water, 
is quite insignificant. Lastly, in several parts of the 
Pacific and Indian Oceaus there arc banks, lying at 
greater depths than in the cases just mentioned, of the 
same form and size with the neighbouring atolls, but 
with their atoll-like structure wholly obliterated. It 
appears from the survey of Freycinot, that there are 
banks of this kind in tlie Caroline Archipelago, and, as 
is. reported, in the Low Archipelago* Wlien we discuss 
the origin of the different classes of coml formations, 
we shall see that the submerged state of the w’^hole of 
some atoU-formed reefs, and of portions of others 
generally but not invariably on the leeward side, and 
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the existence of more deeply submerged banks now 
possessing little or no signs of their original atoU4ike 
structurej arc probably tl^e effects of a uniform cause,— 
namely, the death of the coral, during the subsidence of 
the area, in which tlie atolls or banks are situated. 

There are seldom (with the exception of the Maldiva 
atolls), more than two or three channels, and generally 
only one leading into the lagoon, of sufficient depth for 
a ship to enter* In small atolls, there is usually not 
even one* Where there is deep water, for instance 
above 20 fathoms, in the middle of the lagoon, the 
channels through tli6 reef are seldom as deep as the 
centre, — it may he said that the rim only of the saucer- 
shaped hollow forming the lagoon is notched* Sir C* 
Lycll ^ has observed that the growth of the coral would 
tend to obstruct all the diannels through a reef, except 
those kept open by discharging tlio water, which during 
high tide and the greater part of each ebb is thrown 
over a large portion of its circumference. Several facts 
indicate that a considcrahlc quantity of sediment is 
likewise discharged through these channels ; and 
Captain iloreshy has observed, during the change of 
the monsoon, that the sea is discoloured to some dis- 
tance off the entrances into the Maldiva and Chagos 
atolls* This would probably check the growth of the 
coral in the channels, far more effcctiially than if they 
merely discharged a current of water. Where tile re 
is not any channel, as in the case of many small atolls, 
these causes have not prevented the entire ring attain- 
' Principles of Geology* voh iii, p, 2S9, 
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ing the surface* The clianncls, like the submerged and 
etfaced parts of the reef, occur very generally, though 
not invariably on the leeward side of the atoll, or on 
that side, according to Beechey,* which, from extending 
in the same direction with the prevalent wind, is not 
fully exposed to it* Passages between the islets on 
the reef through which boats can pass at high-water, 
must not be confounded with ship-channels by which 
the annular reef itself is breached* The passages 
between the islets occur, of course, on the windwai’d 
as ■well as on the leeward side ; but they are more 
frequent and broader to leeward, owing to the lesser 
dimensions of the islets on that side. 

At Keeling atoll the shores of the lagoon shelve 
gradually where the bottom is of sediment, and irregu- 
larly or abruptly where there are coral reefs ; but this 
is by no means the universal structure in other atolls. 
Chamisso,® speaking in general terms of the lagoons in 
the Marshall atolls, says the lead generally sinks ^ from 
a depth of two or three fathoms to twenty or twenty- 
four, and you may pursue a line in which on one side 
of the boat you may see the bottom, and on the other 
the azure-hlue deep water.’ The shores of the lagoon- 
like channel within the barrier-reef at Yanikoro have 
a similar structure. Captain Beech ey has described a 
modification of this structtire (and he believes it is not 
uncommon) in two atolls in the Low Archipelago, in 
which the shores of the lagoou descend by a few broad, 

^ Uocchoy*® Voyaget 4 to ed. to!, i, p. 189, 

* Kotzebuo’s First Voyjige, rot iii. p. 142. 
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slightly inclined ledges or steps : thus at ^latilda 
atoll,^ the great exterior rcetV the surface of which is 
gently inclined inwards, ends abruptly in a little 
submarLne cUfiP three fathoms deep ; at its foot, a 
ledge 40 yards in width also shelves gently in- 
wards, like the surfaee-rcef, and terininates in a 
second little cli6f five fathoms deep; beyond this, the 
bottom of the lagoon slopes to 20 fiithoras, which 
is the average depth of its centre. These ledges 
seem to be formed of coral rock ; and Captain Becchey 
says that the lead often descended several fatlioms 
through holes in them. In some atolls, all the coral 
reefs or knolls in the lagoon eome to the surface at 
low-water ; in other cases of rarer oecurrence, all 
lie at nearly the same depth beneath it, but most 
frequently they are quite irregular— some w'ith per- 
pendicular, some with sloping sides— some rising 
to the smfaec, and othei's lying at all intermediate 
depths from the bottom upwards. I cannot, there- 
fore, suppose that the union of such reefs could pro- 
duce even one uniformly sloping ledge, and miicli 
less two or three one beneath the other, and each ter- 
minated by an abrupt wall. At Matilda Island, which 
offers the best example of the ste|>-like structure, 
Captain Bccchey observes that the coral knolls within 
the lagoon are quite irregular in their height. We 

' neeolicya Vcg^go, 4 to ed. roL i, p. 160, At Whitsunday Island 
the hottoru of the Ingoon Lopes graduully towaids tho centre^ and then 
deepens suddenly, the edge of the bank being nearly poipendiculof. 
This bank is formed of coral and dead shells. 
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shall hereafter see that the theory which accounts for 
the ordinary form of atolls, apparently includes this 
occasional peculiarity in their structure- 

In the midst of a group of atolls, there sometimes 
occur small, flat, very low islands of coral formation, 
which probably once included a lagoon, since filled 
up with sediment and coraWeefs, Captain Eeeehey 
entertains no doubt that this has been the case with 
the two small islands, which alone of thirty-one sur- 
veyed by him in the low Archipelago, did not con- 
tain lagoons. Romanzoff Island (in lat. S.) is 
described by Chamisso^ as formed by a dam of madre- 
poritic rock inclosing ^ flat space, thinly covered with 
trees, into which the sea on the leeward side occasion- 
ally breaks. North Keeling atoll appears to be in a 
rather less forward stage of conversion into land : it 
consists of a horse-shoe shaped strip of land surrounding 
a muddy flat, one mile in it-s longest axis, which is 
covered by the sea only at high-water. When de- ' 
scribing South Keeling atoll, I endeavoured to show 
how slow the final process of filling up a lagoon must 
bo ; nevertheless, as all causes do tend to produce this 
effect, it is very remarkable that not one instance, as I 
believe, is known of a moderately sized lagoon being 
filled up even to the low- water line at spring-tides, 
much less of such a one being converted into land. It 
is, likewise, in some degree remarkable, how few atolls, 
except small ones, are surrounded by a single linear 



* Kotzebue’s First Voyag®, toL iii, p. 221. 
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strip of land formed by the imioE of separate islets* 
Wq cannot suppose that the many atolls in the Pacific 
and Indian oceans all have had a late originj and yet 
shonld they remaio at their present levels snbjceted 
only to the action of the sea and to the gromng poivers 
of the coral, during as many centui'ies as must have 
elapsed since any of the earlier tertiary epochs, it can- 
not, I think, be doubted that their lagoons and the 
islets on their reef, would present a totally different 
appeamnee from what they now do* This considera- 
tion leads to the suspicion that some agency (namely, 
subsidence) comes into play at intervals, and renovates 
their original structure* 



SECTION THIR0* 

Maldim ArcM^ieh^o — and c^irai — Ortai 
df/)th t» the of souifiem in all 

uach the surface — PosUion of kkis, and breaches in ike rt^s m(A 
res}fcct io iAe prevalent tcinds and actmt of the toaves^Desirttcit^t 
of kUts — lleIafio» iu pbsitivm beiwren disimcl aioiis — The of^reni 
dis«eieTment of lar^e a(otle-~The Great Chagas Bank — He mhmergid 
oonditian and extfmrdmarg tifueturt. 

Although occasional references have been made to the 
Maldiva atolls and to the banks in the Chagos group, 
some points of their structure deserve further consi- 
deration* My description is derived from an exami- 
nation of the admirable cliarts lately published from 
the survey of Captain Moresby and Lieut* Powell, 
and more especially from information which Captain 
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]\Ioresby has communicated to me in the kindest 
manner. 

The Maldiva Archipelago is 470 miles in length, 
with an average breadth of about 50 miles. The form 
and dimensions of the atolls, and their singular posi- 
tion in a double line, may he seen, though imperfectly, 
in the greatly reduced chart (fig. 6) in Plate II. The 
dimensions of the longest atoll in the group (called by 
tlie double name of Milla-dou-Madou and Tilla-dou- 
Iklattc) have already been given ; it is 88 miles in a 
medial and slightly curved line, and is less than 20 
miles in its broadest part. Suadiva, also, is a noble 
atoll, being 44 miles across in one direction, and 34 in 
another, and the great included expanse of water has a 
depth of between 250 and 300 feet The smaller atolls 
in this group differ in no respect from ordinary ones \ 
hut the larger ones are remarkable from being breached 
by numerous deep-water channels leading into the 
lagoon ; for instance, there are 42 cbanncls through 
which a ship could enter the lagoon of Suadiva. In 
tlie three Bouthern large atolls, the separate portions of 
reef between these channels have the ordinary structure 
and are linear; but in the other atolls, especially the 
northern ones, these portions are ring-formed like 
miniature atolls. Other ring-formed reefs rise out of 
the lagoons, in the place of those irregular ones which 
ordinarily occur there. In the reduction of the chart 
of Mahlos ^lahdoo (Plate II. fig. 4), it was not found 
easy to define the islets and the little lagoons within 
each reef, so that the ring-formed structure is vesy im- 



The Complete Work of Charles Darwin Online 



SlJCT. ill. 



MALBIVA ATOLLS. 



4:5 



perfectly slioiVTi : in tlie large published charts of Tilia- 
dou-Mattej the appearayice of these rings, from stand- 
ing farther apart from each other, is very remarkable. 
The rings on the margin are generally elongated ; 
many of them are three, and some even five mites in 
diameter ; those within the lagoon are iisiially smaller, 
few being more than two miles across, and the greater 
number rather less than one* The depth of the little 
lagoon within these small annular reefs is generally from 
five to seven fathoms, but occasionally more ; and in Ari 
atoll many of the central ones are twelve, and some 
even more than twelve fatlioms deep* These rings rise 
abruptly from the platform or hank on which they 
stand ; tlieir outer margins are invariably bordered by 
living coral, ^ wdtliin which there is a fiat surface of 
coral rock ; on this flat, sand and fragmeiits have in 
many cases accumulated and been converted into islets 
clothed with vegetation. They are indeed larger, and 
contain deeper lagoons than many true atolls standing 
in the open sea; and I can point out no essential 
difference between these little ring-formed reefs and 
the most perfectly characterised atolls, excepting that 
they are based on a shallow foundation, inste^id of on 
the floor of the ocean, and that instead of being 
scattered irregularly, they are grouped closely t{)gcther 
with the marginal rings arranged in a rudely-formed 
circle. 

The perfect series which can be traced from a linear 

^ G-iptain informs me that AliUe-j^o-ra complanata in ono of 

the commonest kinds on the outer marginj as it is at IVeeling atoll. 
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reef like that siirrotmding an ordinary atoll, to others 
^hich are ring-formed and much elongated hut con- 
taining only a very narrow lagoon, to others which arc 
oval or almost circular, renders it probable that the 
latter ai'e merely modifications of a linear and normal 
reef. The fact that the marginal annular reefs 
generally have their longest axes directed in the line 
which the exterior linear reef would have held, agrees 
with this view. We may also infer that the central 
aniinlar reefs are modifications of those irregular ones, 
which arc found in the lagoons of aU common atolls. 
It appears from the charts on a large scale,- that the 
ring-like structure in these central reefs is con- 
tingent on the marginal channels or breaches being 
wide; and, consequently, on the whole interior of 
the atoll being freely exposed to the waters of the 
open sea. When the channels are narrow or few in 
number, although the lagoon be of great size and 
depth (as in Suadiva), there are no ring-formed reefs ; 
where tlie channels arc somewhat broader, the mar- 
ginal portions of reef, and especially those close to the 
larger channels, are ring-formed, but the central ones 
are not so ; wJiere they are broadest, almost every 
reef throughout the atoll is more or less perfectly ring- 
formed. Although their presence is thus contingent 
on the openness of the marginal channels, the theory of 
their formation, as we shall hereafter see, is included 
in that of the parent atolls of which they form the 
separate portions. 
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The lagoons of all the atolls in the southern part of 
the Archipelago are from 1 0 to 20 fathoms deeper than 
those iu the northern part. This is well exemplified in 
the case of Addoo^ the southernmost atoll in the groups 
for although only 9 miles in its longest diameter, it has 
a deptli of 39 fatlioms, whereas all the other small atolls 
have comparatively shallow lagoons ; I can assign no 
adequate cause for this difference in depth, excepting 
that the southern part of the Archipelago has subsided 
to a greater degree or at a quicker rate than the 
northern part i and this conclusion agrees well with the 
fact that, in the Chagos group, lying 280 miles still 
further southwards, most of the atolls are sunken and 
half destroyed with the dead corals. In the central and 
deepest part of the l^Ialdiva lagoons, the bottom consists, 
as I am informed by Captain Moresby, of stiff clay (pro- 
bably a calcareous mud) ; nearer the border it consists 
of sand, and in the channels through the reef, of hard 
sand-banks, sandstone, conglomerate rubblp, and a little 
live corah Close outside the reef the bottom is 
sandy, and slopes abriiptly into unfathomable depths. 
In most lagoons the depth is considerably greater 
in the centre than in the channels; but in Tilla- 
dou-Matte, where the marginal ring-formed reefs 
stand far apart, the same depth is carried across the 
entire atoll, from the deep-water line on one side to 
that on the other. I cannot refrain from once again 
remarking on the singular structme of these atolls, 
— a great sandy and generally concave disk rises 
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abruptly fjTOTii the untkthomiible ocean, with the central 
expanse studded and the margins symmetrically fringed 
with oval basins of coral-rock, just lipping the surface 
of the sea, sometimes clothed with vegetation, and each 
containing a little lake of clear salt water. 

In the southern Maldiva atolls, of which there are 
nine large ones, all the small reefs 'within the lagoons 
come to the sn^ace, and are dry at low-water spring- 
tides ; hence in navigating them there is no danger 
from submarine Imnks. This circumstance is very 
remarkable, as within some atolls, for instance those of 
the neighbouring Chagos group, not a single reef comes 
to the surface, and in most other cases a few only do, 
and the rest lie at all intermediate depths from the 
bottom upwards. When treating of the growth of coral 
I shall again refer to this subject. 

Although in the neighbourhood of the Maldiva 
Archipelago the winds, during the monsoons, blow 
during nearly an equal time from opposite quarters, 
and although, as I am informed by Captain Moresby, 
the westerly winds are the strongest, yet the islets are 
almost all placed on the eastern side of the northeni 
atolls, and on the south-eastern side of the southern 
atolls. That the formation of tlie islet-s is due to 
detritus thi'own up from the outside, as iu the ordinary 
manner, and not from the interior of the lagoons, may, 
I think, be safely inferred from several considerations 
which it is Imrdly worth while to detail. As the easterly 
winds are not the strangest, their action probably is 
aitlcd by some prevailing swell or current. 



The Complete Work of Charles Darwin Online 



Skct. IIL 



MALDIVA ATOLLS, 



40 



In groups of atolls exposed to the trade wind, the 
ship-channels into the lagoons are almost always 
situated on the leeward or less exposed side of the reef, 
and the reef itself is sometimes either wanting there, or 
is submerged. A strictly analogous, but different, fact 
may be observed at the Maldiva atolls — namely, that 
where two atolls stand near together, the breaclies in 
the reef are most numerous on the sides which face each 
other, and are therefore less exposed to the waves. Thus 
on the sides of Ari and the two Nillandoo atolls which 
face S- Mrde, Phalecdoo, and Moloque atolls, there are 
seventy-three deep-water clmunels, and only twenty-five 
on the outer sides; on the three latter-named atolls there 
are fifty-six openings on the near side, and only thirty- 
seven on the outside. It is scarcely possible to attri- 
l)ute this difference to any other cause than the some- 
what diff’erent action of the sea on the two sides, which 
would ensue from the mutual protection afforded 
by the two rows of atolls. I may here remark that 
in most cases, the conditions favourable to the greater 
accunmlation of fragments on* the reef and to its 
more perfect continiiity on one side of the atoll than 
on the other, have concurred, but this has not been 
the case with the Maldivas ; for we have seen that the 
islets arc placed on the eastern or south-eastern sides, 
whilst the breaches iu the reef occur indifferently on 
any side where protected by an opposite atoll. The reef 
being more continuous on the outer and more exposed 
sides of those atolls which stand near each other, accords 
with the fact, that the reefs of the southern atolls are 

n 
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more continuous than those of the northern ones, for 
the former,, aa I am informed by Captain Moresby, are 
more constantly exposed to a heavy surf than are the 
northern atolls. 

The date of the first formation of some of the islets 
in this Archipelago is known to the inhabitant.s ; on the 
otlicr hand, several islets, and even some of those which 
are believed to be very old, are now fast wearing away- 
Tlie work of destruction has, in some instances, been 
completed in ten years. Captain Moresby found on one 
water-washed reef the marks of wells and graves, which 
were excavated wl^en it supported an islet. In South 
Nillandoo atoll, the natives say that three of the islets 
were formerly larger : in North Nillandoo there is one 
now being washed away ; and in this latter atoll Lieut. 
Prentice found a reef, about six Inmdred yards in 
diameter, which the natives positively affirmed was 
lately an island covered with cocoa-nut trees. It is now 
only partially dry at low-water spring tides, and is (in 
Lieut. Prentice’s words) ^entirely covered with live 
coral and madrepore/ In the northern part, also, of 
the Maldiva Archipelago and in the Chagos group, it is 
kno^vn that some of the islets are disappearing. The 
natives attribute these effects to variations in the 
currents of the sea. For my own part I cannot avoid 
suspecting, that there must be some further cause, which 
gives rise to such a cycle of change in the action of the 
currents of tlie great and open ocean. 

Several of the atolls in this Archipetago are so 
related to each other in form and position, that at the 
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fi rst glance one is led to suspect that they b a vo 
originated in the disseverment of a single one- Mule 
consists of three perfectly characterised atolls, of which 
the shape and relative position arc sucli, that a line 
drawn closely round all three gives a symmetrical 
figure; but to see this, a larger chart is required than 
that of the Archipelago in Plate II- The channel 
separating tiie two northern Mfiie atolls is only little 
more than a mile wide, and no bottom was found in it 
with 100 fathoms, l*o weirs Island is situated at the 
distance of two miles and a-half off the nortliern end 
of another atoll, namely ^lahlos Malidoo (fig- 4), at 
the exact point where the two sides of the latter, 
if prolonged, would meet : no bottom, however-, 
was found in the channel with 200 fathoms; in the 
wider channel between Horsbiirgli atoll and the southern 
end of Mahlos Mahdoo, no bottom was found with 
250 fathoms. In these cases, the relation consists 
only in tlie form and position of the atolls- Eut 
in the channel between the tAvo Nillandoo atolls, 
althougli three miles and a-quarter wide, soundings 
were struck at the depth of 200 fathoms ; the chaunel 
between Koss and Ari atolls is four miles wide, and only 
150 fathoms dc^ep- Here then we have a submarine 
conn e ction , b cs i d es a r c lati on in po s i tio n an d fo nn - The 
fact of soundings liaving been obtained betAveen two 
separate and perfectly chameterized atolls is in itself 
interesting, as it has never, I believe, been eflfected in 
any of the many other groups of atolls in the Pacific 
and Indian seas- In continuing to trace the con- 

E 2 
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ncetioB of adjoining atolls, if a hasty glance be taken 
at the chart (tig, 4, Plate II.) of Mahlos Mahdoo and 
the line of unfathomable water be followed, no one 
will hesitate to consider it as one atoll. But a second 
look will show that it is divided by a bifurcating 
channel, of which tho northern am is about one mile 
and three-quarters in width, with an average depth 
of 125 fathoms, and the southern one three-quarters 
of a mile wide, and rather less deep. These channels 
resemble in the slope of their sides and general fom, 
those which separate atolls in every raspect distinct ; 
and the northern arm is wider than that dividing two 
of the Mlile atolls. The ring-formed reefs on the 
northern and southern sides of this bifurcating channel 
are elongated, and so continuous that the northern and 
southern portions of Mahlos l^Iahdoo may claim to 
be considered as distinct atolls. But the reefs of 
the intermediate portion are less perfect, so that this 
portion hardly yet resembles a distinct atolh Mablos 
Mahdoo, therefore, is in every respect In an inter- 
mediate condition, so that it may be considered either 
as a single atoll nearly dissevered into three portions, 
or as three atolls almost perfect and intimately con- 
nected, This is an instance of a very early stage of 
the apparent dissever ment of an atoll, and another 
is exhibited at Tilla-doumatte. In one part of 
this atoll, the ring-formed reefs stand so far apart 
from cacli other, that the inhahitants have given 
different names to the northern and southern halves: 
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nearly all t.lie ringSj moreover, ai'e so pcrfectj and 
stand so separate, and the space from wliich they rise 
is so level and unlike a true lagoon, that we can easily 
imagine the convei'sion of this one great atoll, not into 
two or three portions, but into a whole group of 
miniature atolls* A series such as we have here 
traced, impresses the mind with the idea of actual 
change ; and it will hereafter be seen, that the theory 
of subsidence together with the upward growth of the 
coral-reefs, modified by accidents of probable occur- 
rence, accounts for the occasional disseverment of large 
atolls* 

The great Chagos Bank alone remains to be de- 
scribed* In the Chagos group there are some ordi- 
nary atolls, some aimular reefs rising to the surface 
but without any islets on them, and some atoll-formed 
banks either quite or nearly submerged* Of the 
latter, the Great Chagos Bank is much the largest, and 
differs in its structure from the othera; a plan of it 
is given in Plate IL fig, 1, in which, for the sake of 
clearness, 1 have had the parts under ten fathoms deep 
finely shaded : an east and west \^ertical section is given 
in fig* 2, in which the vertical scale has been neces- 
sarily exaggerated. Its longest axis is ninety nautical 
miles, and another line drawn across the broadest part, 
at light angles to the first, is seventy* The central 
part consists of a level muddy flat between forty and 
fifty fathoms deep, which is surrounded on all sides, 
with the exception of some breaches, by the steep 
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edges of a set of banks rudely ari-angcd in a ciicle. 
These banks consist of sand with a very little live 
coral ; they vary in breadth from five to twelve miles, 
and on an average lie about sixteen fathoms boncath 
tlie surface ; they are bordered by the steep edges of a 
third narrow and npptn' bank, which forms the rim to 
the whole* This rim is about a mile in width, and with 
the exception of two or three spots where islets have 
been formed, is submerged between five and ten fathoms, 
Tt consists of smooth bard rock, covered with a thin 
layer of sand, but with scarcely any live coral ; it is 
steep on both sides, and slopes abruptly outwards into 
unfatbomabie depths. At the distance of less than half 
a mile from one part, no bottom was found mth 190 
fathoms ; and off another point, at a somewhat greater 
distfinee, there was none with 210 fathoms. Small 
steep-sided banks or knolls, covered with luxuriantly- 
growing coinl, rise from the interior expanse to the 
same level with the external rim, which, as we have seen, 
IS formed only of dead rock* It is impossible to look at 
the plan (fig. 1, Plate IL), although reduced to so 
small a scale, without at once perceiving that the G-reat 
Chagos Hank is^ in tlie words of Captain Moresby,^ ^ no- 
thing more tiian a half-drowned atoll.^ But of what 
great dimensions, and of how extraordinary an internal 

' This officer has had tile kindness to lend me an exeellcnt MS. 
siCComit of tlie Chagos Isliindi^ ; from this paper* from the published 
c'liHriS. ami from Torlml information eomirmnirAtod to me by Captain 
^lorosby, the ubove aooount of the Groat Qhwgos Bank is taken. 
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structure 1 Wc shall hereafter have to consider both 
the cause of its submerged condition, a state common 
to otlier banks in the group^ and the origin of the 
singular submarine terraces which hound the central 
expanse these, I think it can be shown, have resulted 
from a cause analogous to that which has produced the 
bifurcating channel across Mahlos Mabdoo^ 
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CHAPTER II. 

Uarrieh-keefs. 

ao 9 dy resemble in ffeneral ferm and itna^iure atdl-reef&—WMth and 
depth of tlio lagmm-ehanmh — Bteael^& tJi^oxigh Hic reef jf* <f 

valleye^ generally mi the hmmrd nde — Cheeks to the filing ttp of 

the te^oon-charinds — Size and eomUiution of the eneirclfd 
2^umb^ of islands within the same reef — Barrlsr-reefs of New Cale- 
donia Australia — Fomtian of the reef rthtine to the dope of the 

adjoining iand—Frobahle great thickness of harrier^eefs. 

The term ^ barrier ’ bas been generally applied to that 
vast reef whidli fronts the N.E, shore of Australia, and 
by most voyagers likewise to that on the western coast 
of New Caledonia. At one time I thought it coo- 
venient thus to restrict the term, but as these reefs are 
similar in stracture and in position relatively to the 
land, to those, which, like a wall with a deep moat 
within, encircle many smaller islands, I have classed 
them together. The reef, also, on the west coast of 
New Caledonia, circling round the extremities of the 
island, is an intermediate form between a small en- 
circling reef and the Australian barrier, which stretches 
for a thousand miles in nearly a straight line. 

The geographer Balbi lias in effect described those 
barricr-reefg which encircle moderately sized islands, 
by calling them atolls with high land rising from 
within their central expanse. The general resem- 
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blance between the reefs of the barrier and atoll 
classes may be seen in the small, but accurately re- 
duced charts on Plate I*,* and this resemblance can be 
further sliown to extend to every part of* their struc- 
ture* Beginning with the outside of the reef; many 
scattered soundings off Gambier, Oualan, and some 
other encircled islands, show that close to the breakers 
there exists a narrow shelving margin, beyond which 
in most cases, the ocean suddenly becomes unfathom- 
able* Off the west coast of New Caledonia, Captain 
Kent ^ found no bottom with 150 fathoms, at two ship’s 
lengths from tlie reef ; so that the slope here must be 
nearly as precipitous as off tlie ilaldiva atolls, 

I can give little information regarding tbe kinds 
of corals which live on the outer margin* When I 
visited the roof at Tahiti, altboiigb it was low- water, 
the surf was too violent for mo to see the living 
masses ; but, according to what I heard from some in- 
telligent native cliicfs, they resemble in their rounded 
and bi-anchless forms, those on the margin of Keeling 
atolL The extreme verge of the reef which was 
visible between the breaking waves at low-water, con- 
sisted of a rounded, convex, artificial- like breakwater, 
entirely coated with Nulliporse, and absolutely similar 
to that which I have described at Keeling atoll* 
From what I heard when at Tahiti, and from the 



' Tlie autborfties from wliieli these charts have Iseen redticect 
together wilh eomc remfirlcs on them, are givcD in a separate^" 
pended page* deseriptive of the Plates. 

* Dalrjmple, Hydrog. Mem. vol, hi* 
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writings of the licvs. W* KUis and J* Williams, I con- 
clude that this peculiar structure is common to most 
of the encircled islands of the Society Archipelago. 
The reef within this mound or breakwater, has an ex- 
tremely irregular surface, even more so than between 
the islets on the reef of Ktieling atoll, witlr wliich 
alone (as there are no islets on the reef of Tahiti) it 
can properly he compared- At Tahiti, the reef is very 
irrcgidar in width ; but round many other encircled 
islands, for instance Yanikoro or Gambler islands 
(hgs. 1 and 8, Plate I.), it is quite as regular, and of 
the same average width, as in true atolls. Most 
barrier-reefs on the inner side slope irregularly into 
the lagoon-channel, (as tlie space of deep water sepa- 
rating the reef from the included land may be called,) 
bTit at Yanikoro the reef slopes only for a short dis- 
tance, and then terminates abruptly in a submarine 
wall forty feet high, — -a structure absolutely similar to 
that described by Chamisso in the Marshall atolls. 

In the Society Archipelago, Ellis ^ states that the 
reefs generally lie at the distance of from one to one 
and a-half miles, and, occasionally, even at more than 
three miles from the shore. The central mountains 
are generally bordered by a fringe of flat, and often 
marshy alluvial land, from one to four miles in width. 
This fringe consists of coral- sand and detritus thrown 
up from the lagoon-channel, and of soil washed down 



^ Con fin It, oTi this and other points, tliB Polynesian lie&earclies by 
the Rot. liV, Ellis, an admirable work, fail of curious information. 
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from the bills | it is ao eoeroaciiment on the channelj 
analogous to that low and inner part of the islets in 
many atolls, which is formed by the accumulation of 
matter firom the lagoon* At Hogoleu (fig. 2, Plate I.), 
ill the Caroline Arehipclago,' the reef on the south 
side is no less than twenty miles ; on the east sidoj 
five ; and on the north side, fourteen miles from the 
encircled islands. 

The lagoon-channels may he compared in every 
respect ivith true lagoons. In some cases they are 
open, with a level bottom of fine sand ; in others they 
are choked up with reefs of delicately branched corals, 
which have the same general character as those within 
Keeling atoll. These internal reefs either stand 
separately, or more commonly skirt the shores of the 
included high islands, The depth of the lagoon-chan- 
nel round the Society Islands varies from two or three, 
to thirty fathoms ; in Cook’s ® chart of Ulietea, how- 
ever, there is one sounding laid down of 48 fathoms : 
at Vanikoro there are several of 54 and one of 56^ 
fathoms (English), a depth which even exceeds by a 
little that of the interior of the great Maldiva atoUs, 
Some harrier-reefs have very few islets on them ; whilst 
others are surmounted by numerous ones ; and those 
round paiii of Bolabola (Plate I,, fig, 5), form a single 
linear strip. The islets first appear either on the 



^ Uydro^apbicJil Msm. and the Atlas qf the Vo 3 ^age of the 
Asirdiibs, by Oapt. Dumont D’Urville, p. 428. 

^ S<io the chart in toL a. of Hawkesworth's 4 to ed. of Cook’s Pirst 
Voyage. 
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angles of the reef, or on tlie sides of the broaches 
tlu'ough it, and arc generally most numerous on the 
windward side. The reef to leeward retaining its usual 
wddth, sometimes lies submerged several fathoms be- 
neath the surface ; I have already mentioned Gambier 
Island as an instance of this structure. Submerged 
reefs, dead, covered with sand, and with a less defined 
outline, have been observed (see Appendix) off some 
parts of lluaheine and Tahiti. The reef is more fre- 
quently breached to leeward than to windward, although 
this is not so frequent as in the case of atolls. Thus I 
find in Knisen stem’s Memoir on the Pacific, that there 
are passages through the encircling reef on the lee- 
ward side of the seven Society Islands, which possess 
ship-harbours ; but that there are openings to wind*- 
ward through only three of them, Tlie breaches 
in the reef are seldom as deep as the interior 
lagoon-like channel ; they generallj occur in front of 
the main vaUeys, a circumstance which can be ac- 
counted for, as will be seen in the fourth chapter, 
without much difficulty. The breaches being generally 
situated in front of the valleys which descend on 
all sides, explains their more frequent occurrence 
through the windward side of barrier-reefs than 
through the windward side of atolls, — for in atolls 
there is no included land to influence the position of 
the breacheSi, 

It is remarkable that the lagoon-channels round 
mountainous islands have not in every instance been 
long ago filled up with coral and sediment ; but it i? 
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accounted for without much diflfrculty. lu cases like 
that of Ilogoleu and the Gambler Islands, where a few 
small peaks rise out of a great lagoon, the conditions 
scarcely differ from those of an atoll ; anti I have already 
shown at some length, that the filling np of a true 
lagoon must be an extremely slow process. Where 
the hi goon-channel is narrow, that agency, which on 
unprotected coasts is tlie most productive of sediment, 
namely the force of the breakers, h here entirely ex- 
cluded ; and owing to the reef being breached in the 
front of the main valleys, much of the finer mud from 
the rivers must l>e transported into the open sea. The 
water which is thrown o^'c^ the edges of atoU^formed 
reefs causes a current which cxirries sediment from the 
lagoon througU the broaches into the sea ; and the 
same tiling probably takes place in barrier-reefs. This 
would greatly aid in preventing the lagoon-channels 
from being filled up. The low alluvial border, how- 
ever, at the foot of the encircled mountains, shows 
that the work of filling up is in progress; and at 
Maurua (Plate I,, fig, (i), in the Society group, it has 
been almost effected, so that there remains only one 
harbour for small craft. 

If we look at a set of charts of barrier-reefs, and 
leave oat in imjiginatioa the encircled land, we shall 
sec that besides the many points already noticed of 
resemblance or rather of identity in structure with atoMs, 
there is a close general agreement in form, average 
dimensions, and grouping, Encircling reefs, like 
atolls, are generally elongated, and have an irregularly 
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rounded, though sometimes angular outline* There arc 
atolls of all sizes, from less than two miles in diameter 
to sixty miles (excluding Tilla-dou-Matte, which consists 
of a number of almost independent atoll-formed reefs); 
and there are encircling barrier-reefs from tliree miles 
and a ‘half to forty-six miles in diameter, — Turtle 
Island being an instance of the former, and Hogoleu of 
the latter* At Tahiti the encircled island is thirty-six 
miles in its longest axis, whilst at Mauma it is only a 
little more than two miles* It will also he shown in 
the last chapter, that there is the strictest resemblance 
between the grouping of atolls and of common islands, 
and there is the same resemblance between atolls and 
encircling harrier-reefs* 

The islands lying within reefs of this class, are of 
very varions heights, Tahiti^ is 7j000 feet; Maurua 
about 800 ; Aitutaki 360, and Manouai only 50. The geo- 
logical natm-c of the included land also varies ; in most 
cases it is of ancient volcanic origin, owing apparently to 
the fact that islands of this nature are the most frequent 
within all great seas ; some, however, are of madreporitic 
limestone, and others of primary formation, of which 
latter kind N^ew Caledonia offers the best example. 
The central land consists either of one island, or of 
several ; thus in the Society group, Eimeo stands by 

' Ttc heiglit of Tahiti is given" from Gaptain Euecliey ; Mnunui from 
Mr. F» D. Bounett (Geograph, Journ. voL Tiil. p. 220) ; AituUti from 
measiufcmeiiLs made on board iJm ; and Manouai, or Harvej 

Island, from an estimate hy tlio Kor. d, Williams. Tho two Inttor 
islands, however, ara not in rt^pocts well charact-erised exatnplei 
of the encircled class. 
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itself; wliile Taha and liaiatea (fig. 3j Plate I.), both 
moderately large islands, of nearly equal sizcj are in- 
cluded in one reef. Within the reef of the (lambier 
group there are four large and some smaller islands 
(fig. 8, Plate I.); within that of Hogolcu (fig. 2, 
Plate 1.) nearly a dozen small islands are scattered over 
the expanse of one vast lagoon. 

After the details now given, it may be asserted that 
there is not one point of essential difference between 
encircling barrier-reefs and atolls; — the lattor enclose a 
simple sheet of water, the former encircle an ex{>anso 
with one or more islands rising from it. I was nnich 
struck with this fact, when viewing, from the heights 
of Tahiti, tlie distant island of Eimeo standing within 
smooth water, and encircled by a ring of snow-whita 
breakers. Eemove the central land, and an annular 
reef like that of an atoll in an early stage of its forma- 
tion is loft ; remove Bolabola, and there remains a 
circle of linear coral-islets crowned with tall cocoa- 
nut trees, like one of the many atolls scattered over the 
Pacific and Indian oceans. 

The barrier-reefs of Anstralia and of New Caledonia 
deserve a separate notice from tlieir great dimensions. 
The reef on the west coast of New Cale<lonia (fig. 5, 
Plate IL) is 400 miles in length; and for a length of 
many leagues eeldotn approaches within eight miles of 
the shore. Near the soxithem end of the island, tiie 
space between the reef and the laud is sixteen miles in 
width. The Australian barrier extends, with a few 
interruptions, for about eleven hundred miles ; ita 
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average distance from the land is between twenty and 
thirty miles, but in parts from fifty to ninety. The 
great arm of the sea thus included, is from ten to 
twenty-five fathoms deep, with a sandy bottom ; but 
towards the southern end where the reef is farther 
from the shore, the deptli gradually increases to forty, 
and in some parts to more than sixty fathoms. Flinders 
has described the surface of the reef as consisting of a 
hard white agglomerate of diflferent kinds of coral, 
with rough projecting points* A few low islets have 
been formed on it. The outer edge is the iiighest 
part ; it is traversed by narrow gidlies, and at intervals 
by sliip- channels. The sea close outside is in most 
parts profoundly deep ; but to the north, near New 
Guinea, and to the south, the depth is much less, and 
liere the bottom slopes gradually from the reef, as it 
generally does in front of the ship-chaoneis.^ 

There is one important point in the structure of 
barrier-reefs which must hero be considered. The 
accompanying diagrams represent north and south ver- 
tical sections, taken through the highest points of Yani- 
koro. Gambler, and Maurua islands, as well as through 
their encircling reefs* The scale both in the horizontal 
and vertical direction is the same, namely, a quarter of 
an inch to a nautical mile. The height and width of 
these islands are known ; and I have attempted to repre- 

^ The foregoing dotaUs are taken clne% from Flinders’ Voyage to 
Terra Auptralia, vol. ii. p. 88; but these have been corrected by the 
lU'couiit given by Prof. Jukes, ^Jarrative of the A'ojage of the 
vol. i- 1817, chap. sill. 
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sent the form of the land from the shading of the hills 
in tile large published charts. It lias long l>eeii 
remarked^ even from the time of Dampier^ that a 
considerable degree of relation subsists between the 
inclination of that pai't of the land which is beneath 
water and that above it ; hence the dotted line in the 
three sections is probably a moderately aceumte repre- 
sentation of the- actual submarine prolongation of the 
land. If we now look at the outer edge of the reef 



No. 4. 




South. North. 



I — VaiiikorOj ffom the AUhs of tho Voyago of tho Asirolabc^ hy 
B. D'Urville. 

* 2 — Gamtier Island^ from Boechfly. 

3 -Matmm, from tho Aths t>f the Vojago of tho Co^nUie, hj Du- 
porrey. , 

The horizon hil line is tho level of the sea, from whieh oa the right 
hand a plummet de«?condn, reprciieniiiig n depth of 200 fothoms^or IJOO 
feet. The vertical i^hading diows the section of tho land^ and the hori- 
zontal shading that of tho eneircling harrier-reof ; from the smalluoss 
of the scale, the lagoou-channol could not bo representci]. 

A — Outer edge of the coral-reofs» whore tho sea breaks. 

B B— Tlie shore of tho oneirolod islands. 

F 
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( A A), and bear in mind that the plummet on the right 
band represents a deptii of 1 ,200 feet, wc must conclude 
that the vertical thickness of these barrier coral-reefs is 
very great. 

I must observe, that if the sections had been t^ken in 
any other direction across these islands, or across other 
encircled islands,^ the result would have been the same. 
In the succeeding chapter it will be shown that reef- 
building polypifers cannot flourish at great depths, — for 
instance, it is highly improbable that they could exist 
at above one-eight!i of the depth represented by the 
plummet on the right hand of the woodcut. Here then 
is a great apparent difficulty— how were the basalt parts 
of these barjier-reefs formed. It will perhaps occur to 
some, that the actual reefs formed of coral are not of 
groat thickness, but that before tlieir flrst growth the 
sea had deeply eaten into the coasts of these encircled 
islands, and had thus left a broad but shallow su!)- 
inarine ledge, on the edges of which the corals grew ; 
but if this had been the case, the shore would have 
been invariably bounded by lofty cliffs, and not have 
sloped down to the higoon-channel, as it does in 
many instances. On this view,^ moreover, the cause 
of the reef springing tip at such a great distance from 

^ An Rist imd West flection across tlio liiUud <if Bolrtbolwi an<i its 
bamer-reefsj is giveu' in tho fifth chnptor, for Llic Seiko uf illustrsting 
another point. Tbo scab Is '67 of an inch fo n mile ; it is ink on from 
the Atlas of tlie Voyage of th(j by Duperrey* The depth of 

the Ing<x)n-ciiiumd is u 2 caggomted. 

* The D* Tyenmui uud 51 r. Bennett (Journal of Voyngo nnd 
Tmr^la, rol. i. p. 210) have briufly suggesto*! this ospbiuiitiou of the 
origin of tho eiictrcUng of the Society Isbuds. 
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tlie land, leaving a deep and broad moat witbin^ 
remains altogether unexplained, A supposition of the 
same nature and appearing at first more probable, is, 
tliat the reefs have risen from banks of sediment, 
which had accumulated round the shore previously to 
the growth of the coral; but the extension of a bank 
to the same distance round an unbroken coast, and 
in front of deep arms of tlie sc^a (as in Eaiatea, see 
Plate IL fig. 3), which penetrate nearly to the heart of 
some encircled islands, is exceedingly improbable. And 
why, again, should the reef, in some cases steep on lx>th 
sides like a wall, spring up at a distance of two, three, 
or more miles from tlie shore, leaving a channel often 
between 200 and 300 feet deep — a depth which we have 
good reason to believe, is too great for the growth of 
coral ? The existence, also, of this same channel pre- 
cludes the idea of the reef having grown outwards, on a 
foundation slowly formed by the accumulation of its own 
detritus and sediment. Nor, again, can it be asserted 
that the reef-building corals will not grow, excepting at 
a great distance from the land; for, as we sliall soon sec, 
there is a whole class of reefs which take their name 
from growing (especially where the sea is deep) closely 
attached to the shore* At New Caledonia (see Plate 
11, fig. 5), the reefs which run in front of the west coast, 
are prolonged in the same line for 1*50 miles beyond the 
northern extremity of the island, and this shoivs that 
some explanation, quite difiTcreut from any one of tliosc 
just suggested is requisite* If the island had l>een 
originally prolonged to this distance, and if the northern 

r 2 
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end had been tfoih away imtil it was a little beneath 
tlic level of the sea, ^vhy should the coral-reefs have 
become attached not on the centra! crest, bnt in the 
same line with the xeefe whicli still front the existing 
shores? Ve sliall hereafter see, that there is one, and 
I believe only one solution of this <lifficulty* 

One other supposition to accotmt for the position 
of encircling reefs remains, but it is almost too pre- 
posterous to be mentioned ; — namely, that they rest 
on enormous submarine craters surrounding the in- 
cluded islands. When the size, height, and form of 
the islands in the xSocicty group are considered, 
together with the hict that all are thus encircled, 
such a notion will be rejected by every one. New 
Caledonia, moreover, besides its size, ia composed of 
primitive formations, as are some of the Comoro 
Islands and Aitutaki consists of calcareous rock* 
We must, therefore, reject these several explanations, 
and conclude that the vertical thickness of barrier- 
reefs, from their outer edges to the foundation on 
which they rest (from A A in the sections No. 4 to 
the dotted lines), is really great : but this presents 
no real difficulty, as I hope to show hereafter when 
the upward growth of coral-reefs, during the slow 
subsidence of their foundation, ia discussed. 

’ I have befiti iafoTf3ie<l that thii is tlie catse by Pr. Ancii of Forreti^ 
ttIjo 1ms vhit^ this group. 
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Ec^fs of Maufitim — Shallow cMnnel vdlhin the- rntf — slow filling 
up -^CnrrButs of water formed vMMn it — U-prahed reefs — Harrow 
fringing -reefs iu de^p ^eas — iteefs on the ooast of K. Africa and of 
Bra^U-^Fringing-reefs in verg oTtaMow seas., round ba?iks of se-diment, 
and on worn-dovjn islayid.s- — Frmgmg-reefs a footed- bg currents of the 
sea— Coral coating botto?n of the sea^ but not forming reefs, 

4 

Fbikgixg-eeefSj or^ as they have been called by gome 
voyagers, shore-reefs, whether skirting an island or 
part of a continent, at first appear to differ little from 
barrier-reefs, except that they are generally of less 
breadth- As far as the superficies of the actual reef 
is concerned, this is the case ; but the absence of an 
interior deep-water channel, and the close relation in 
their horizontal extension with the probable slope of the 
adjoining land beneath tho sea, present essential pointe 
of difference. 

The reefs which fringe the island of Alaiiritins offer 
a good example of this class* They extend round its 
whole cireiimference, with the exception of two or 
three parts ^ where the coast is almost pmeipitons, and 

^ Tills fact is st.ated on the autJiority of tho Officier dii Koi, m liis 
extremely interesting ‘ Voyage a ITsle de France,* inidcrtiLlcen in 17G8. 
According to Captain Carinicliaeil (llooker*s Bot, J\Iisc*, voh ii.p, 316), on 
one part of the coast there is a space of sixteen miles without n reef. 
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where, if ag is piohable the bottom of the sea lias a 
similar iiicliiiatioDj the eoral would have no foundation 
on which to become attached. A similar fact may 
sometimes be observed even in reefs of the barrier 
class, w^bicli follf)w much less closely the outline of the 
adjoining' land; as, for instance, on the S.E. and 
precipitous side of Tahiti, -where the eocirciing reef is 
interrupted. On the western side of the Mauritius, 
which was the only part I visited, the reef generally 
lies at the distance of about half a mile from the 
shore ; but in some parts it is distant from one to two, 
and even three miles. Even in this last case, as the 
coast-land is gently inclined from the foot of the 
tnoiiTi tains to the sea-beach, and as the soundings 
outside the reef indicate an equally gentle slope 
beneath the water, there is no reason for supposing 
that the basis of the reef, formed by the prolongation 
of the strata of the island, lies at a greater depth than 
that at which the polypiters could begin constructing 
the reef. 8ome allowance, liowcver, must be made for 
the outward extension of a foundation formed of sand 
and detritus, from the %vear of the corals; and this 
would give to the 3'eef a somewhat greater vertical 
thickness than would otherwise bo possible. 

The outer edge of the reef on the western or 
lecAvard side of tlie island, is tolerably well defined, 
and is a little higher than any other part* It chiefly 
consisLs of large strongly branched corals of the genua 
Madrepora, which also form a sloping bed some way 
out to sea ; the kinds of coral growing in this part 



The Complete Work of Charles Darwin Online 



ch. ni. 



FH!:?GiNa 



71 



will be descriljed in the ensuing chapter. Between 
the outer margin and the beach, there is a flat space 
with a sandy bottom and a few tufts of Ih-ing coral ; in 
some parts it is so shallow, that people, by avoiding 
tlie deeper holes and gullies, can wade across it at low- 
water : in other parts it is deeper, seldom, however, 
exceeding ten or twelve feet, so that it offers a safe 
coasting channel for boats. On the eastern and 
windward side of the island which is exposed to a 
heavy surf, the reef was described to me as having 
a hard smooth surface, very slightly inclined inw^ards, 
just covered at low- water, and tm versed by giillies ; 
it appears to be quite similar in structure to the reefs 
of the barrier and atoll classes. 

The reef of Mauritius, in front of every river and 
streamlet, is breached by a straight passage : at (irand 
Port, however, there is a channel like that within a 
l>arrier-reef : it extends parallel to the shore for four 
miles, and has an average depth of ten or twelve 
fathoms ; its presence may probably be accounted for 
by two rivers which enter at each end of the channel, 
and hend towards each other. The fact of reefs of 
the fringing class being always broached in front of 
streams, even of those wliich are dry during the 
greater part of the year, will be explained, when the 
conditions unfavourable to the growth of coral are 
eonsiderod. Low coral-islets, like those on barrio r- 
rects and atolls, are seldom formed on reefs of this 
class, apparently owing in some cases to their narrow- 
ness, and in others to the gentle slope of the reef 
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outside not yielding many fragments to the breakers. 
On the windward side, however, of the Mauritius, two 
or three small islets have tx^cn formed. 

It appears, as will be shown in the ensuing chapter, 
that the action of the surf is favourable to the vigoi'ous 
growth of the stronger corals, and that sand or sedi- 
ment, if agitated l>y the weaves, is injurious to them. 
Hence it is probable that a reef on a shelving shore, 
like that of Mauritius, would at first grow up, not 
attached to the actual beach, but at some little distance 
from it ; and the corals on the outer margin would l>e 
the most vigorous, A shallow channel would thus be 
formed wdtMn tlie reef ; and this channel could be filled 
up only veiy slowly with sediment, for the bi^akei^ 
cannot act on the shores of the island, and they do 
not oftem tear up and cast inside fragments from the 
outer edge of the reef, whilst eveiy streamlet carries 
away its mud in a stmight line through breaches in 
the reef. But a beach of sand and of fragments of 
the smaller kinds of conil seems, in the case of Mauri- 
tius, to be slowly encroaching on the shallow channel. 
On many shelving and sandy coasts, the breakers tend 
to form a bar of sand a little way from the beadi, with 
a slight increase of depth witliin it: for instance, Captain 
Grey^ states that the west coast of Aiistralia, in lat. 
24'", is fronted by a sand bar about 200 yards in widtli, 
on which there is only two feet of water j but within 
it the depth increases to two fathoms. Similar bars, 

' CapUb Grey's Journal of Two Expetiiiious, toL i. p. 369, 
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more or less perfect, occur on otber coasts* In these 
cases I suspect that the shallow channel, (which no 
doubt during storms is occasionally obliterated,) is 
scooped out by the flowing away of the water thrown 
beyond the line on which the waves break with the 
greatest force* At I^ernamhpeo tlie bar of hard sand- 
stoao, before alluded to, has the same external form 
and height as a coral reel^ and extends nearly parallel to 
the coast ; within this bar ciiiTenta, apparently caused 
by the water thrown over it during the greater part of 
each tide, run strongly, and are weai'ing a%vay its inner 
wall. From these facts it can hardly be doubted that 
within most fringing reefs, especially within those 
lying some distance from the land, a retmm stream 
must caiTj away the water thrown over the outer edge; 
and tho current thus prod u cod would tend to prevent 
the channel being filled up with sediment, and might 
eveu deepen it under certain circumstances* To 
this latter belief I am led, by finding that channels are 
almost univemally present witliin the fringing reefs of 
those islands which Lave undergone recent elevatory 
mo%-ements; and this could hardly' have, been the case 
if the conversion of the very shallow channel into land 
had not been countemeted to a ceitain extent* 

A fringing reef, if elevated in a perfect condition 
above the level of the sea, would present the singular 
appearance of a broad dry moat bounded by a low wall 
or moimd* The author ^ of an interesting pedestrian 

^ Voyage a risl© do Friiuco, par uu OfScier da Roi^ Fart i. pp* 
192 , 200 . 
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,toiir round the Manritin&, seems to liave JTiet with a 
structure of this hind : he says, ‘ J'ohservai que la, oti 
la Trier etale indepen darnment des re seifs du large, 
il y a a terre tine esp^^ce d'e^hneement^ ou cheinin 
couvert iiaturcl. On y poTirrait mettre dn canon,’ &c. 
In anotlier place he adds, ^ Avant de passer le 
Cap, OD T'emarque iin gros banc de corail 61 eve 
de plus do quinzG pieds : e’est line espece de res- 
cif, que la mer a abandonne : il regne an pied 
line longue flaque d’eau, dont on ponruait faire nn 
bassin pour de petits vaisseaux*’ Eiit the margin of 
the reef, although tlie highest and most perfect part, 
from being most exposed to the surf, would generally 
duT'ing a slow rise of the land be either partially or 
entirely worn down to that level at which corals could 
renew their growth on its upper edge. On some parts 
of the coa.st-land of Mauritius there are little hillocks 
of coral-rock, whicli are eithei' the last remnants of a 
continiioiis reef, or of low islands formed on it* I 
observed two such hillocks between Tamarin Bay and 
the (Treat Black Eiver ; they were nearly 20 feet 
high, about 200 yards from the present beach, and 
about 30 feet above its level* They rose abruptly 
from a smooth surface, strewn with worn fragments 
of corah They consisted in their lower part of hard 
calcareous sandstone, and in their upper of great 
blocks of several species of Astrsea imd Madrepora, 
loosely aggregated ; they were divided into irregular 
beds, dipping seaward, in one hillock at an angle of 8% 
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and in tlie other at 18^. The upraised reefs roniid 
tins island have been much less worn and modified by 
the action of the sea, than in most other cases. 

^lany islands* are fringed by reefs quite similai' to 
those of Mauritius : hut on coasts where the sea 
deepens very suddciilys^ the xeeik are mucli narrower^ 
and their limited extension seems evidently to depend 
on the high inclination of the submarine slope ; — a 
relation which, as we have seen, docs not exist in reefs 
of the barrier class. The fi'inging-reefs on steep coasts 
are frecpiently not more tlian from 50 to 100 jaids in 
widtli : they have a nearly smooth, hanl surface, 
scarcely micovered at low-water, and without any 
interior shoal channel like that within those fringing- 
reefs which lie at a greater distance from the land. 
The fragments tom up during gales from the outer 
margin, are thrown over the reef on the shores of tlie 
island. I may give as instances, WatcGo, where the 
reef is described by Cook as being 100 yards wide ; 
and Mauti and Elizabeth^ Islands, where it is only 
50 yards in width : the sea round these islands is very 
deep. 

^ I may givo Cul>a, an ot her instauee; Mr. Tavlor (L^nidou's-^rag. 

of Xat, vol, i 3 E. p. 44:y) hm described a reef Reveral miicf# in 
Jeiigtli between Gibara and Vjaro^ w!iidi exlcndts parallel to the ehore 
at ilie dlyLancio of between Intlf !m<l the third part of m. mile, aud eii- 
clowepi a epaec of allow ■wfi.ter, with A sandy bottom fi.tid of coral. 
Outside the edge of the reef, which is formed of great branching cor a la, 
tho depth is six and aeTen fathoiuif. This coast has been iiplieavcit at 
no rery diatant gi^ologica] period. 

- !Mautj is described bj I,ord Byron in the voyage of U.3f.8. Bicnide^ 
and Eliziibeth Inland by Cuptaiu lieechey* 
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Fringing-rcefs, like barrter-rccfe^ siirroimd isiandsj 
and front the sliores of continentfi. In the charts 
of the eastern coast of Africa, by Captain Owen, 
many extensive fringing-reefs are laid down; — tlms, 
for a space of nearly 40 miles, from hit, 1* ;/ to 
45' S,, a reef fringes the shore at an average 
distance of rather more ibaii one mile, and therefore 
at a greater distance than is usual in reefs of this 
class ; but as the coast-land is not high, and as the 
bottom shoals vary gradually, (the depth being only 
from S to 14 fathoms at a mile and a-half outsicle the 
reef), its extension thus far from the land offers no 
diflSculty, The external margiu of this reef is de- 
scribed as formed of projcctmg points ; and within it 
there is a channel from six to twelve feet deep, 
w'ith patches of living corah At Mukdeesha (lat, 
2^ F N,) Hhe port is formed,^ it is said,^ ‘by a long 
reef extending eastward four or five miles, within 
which there is a narrow channel, with ten to twelve 
feet water at low spring tides it lies at the distance 
of a quarter of a mile from the shore. Again, in the 
plan of Mom has (lat, 4*^ S*) a iBef extentls for thirty- 
six miles, at the distance of from half a mile to one 
mile and a-qnarter from the shore ; within it, there is 
a channel navigable ‘ for canoes and small craft,’ 
between six and fifteen feet deep : outside the reef the 
depth is about 30 fathoms at the distance of nearly 

* Ovrcri’^s Africaj vol, i* p* 357, from which work th© foregoing facts 
Hre likewise taken. 
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half a mile. Part of this reef is very symmetrical, and 
has a uniform breadth of 200 yards* 

The coast of Brazil is in many parts fringed by reefs. 
Of these, some are not of coral formation ; for instance, 
those near Bahia and in front of PeiTiambucQ; bat a 
few miles south of this latter city, the reef follows^ every 
turn of the shore so closely, that I can hardly donbt it 
is of coral* It run^ at the distance of three-qiiaitera 
of a mile from tlie land, and within it the depth is 
from ten to fifteen feet. I was assured by an intelli- 
gent pilot, that at Ports Frances and Maceio, the outer 
part of the reef ^consists of living coral, and the inner 
of a white stone full of large irregular cavities com- 
municating with the sea. The bottom of the sea off 
tlie coast of Brazil shoals gradually to between thirty 
and forty fathoms, at the distance of between nine and 
ten leagues from the land* 

From the description now given, we may conclude 
that the dimensions and structure of fringing-reefs 
depend entirely on the greater or less inclination of the 
submarine slope, conjoined with the fact, that reef- 
building polypifers can exist only at limited depths* 
It follows from this, that where the sea is very shallow, 
as in the I^ersian Griilf and in parts of tlie East Indian 
Archipelago, the reefs lose their fringing character, 
and appear as separate and irregularly scattered 
patches often of considerable area. As the conditions 

^ UiiTon Eoussid^s Pilots clu Et£sib aticI tho 
gcaphical meinoij^. S«o itlso the supplomeut . to tUs Yolumo on a Bsfr 
of Sandstane off Peroambuco. 
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are less favourable in several rcspcctH on the inner 
side of these patehesj the growth of the coral is more 
vigorous on the outside ; thus causing the reefs to be 
generally higher and more perfect in their marginal 
than in their central parts. Hence these reefs some- 
times assume (and this circinnstance ought not to be 
overlooked) the appearance of atolls ; but as they are 
based on a shallow foundation, and as their central 
expanse is inueli less deep and their foi in less defined, 
this resemblance ia easily seen to be merely superllciah 
On the other hand, when, in a deep sea, banks of sedi- 
ment have accumulated round islands or submerged 
rocks, and they become fringed with reefs, they are dis- 
tinguished witli difficulty from encircling barrier-reefs 
or atolls. In the West Indies there are reefs, which I 
slioiild probably have arranged under these two classes, 
if the existence of large and level banks, lying a little 
b(3ncat]i the surface and ready to serve as the basis for 
the attachment of coral, had not been present ; the 
formation of such banks through the accumulation of 
sediment being sufficiently evident. Fringing-rcefs 
sometimes coat, and thus protect the foundations of 
islands, which have been worn down by the surf to the 
level of the sea. According to Ehrenberg, this has been 
extensively the ease with the islands in the Ked Sea, 
which formerly ranged parallel to the shores of the 
mainland, with deep water within them : hence the 
reefs now coating their bases, are sittiated relatively 
to the land like barrier-reefs, although not belonging 
to that class ; — but there arc, as I believe, in the lied 
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Sea some true barrier-reefs. The reefs of this sea and 
of the West Judies will be deseril)ed iu tJie Appendix. 
In some cases, fringing-rcefs appear to be considerably 
modified in outline by the course of the pie^'ailing 
currents; Dr. J. Allan informs mo that on the oast 
coast of Madagascar, almost every headland and low 
point of sand lias a coral-reef extending from it in 
a S.W, and N.E* line, parallel to the currents on that 
shore, J should think the influence of the currents 
chiefly consisted in causing an extensioDj in a certain 
direction, of a proper foundation for the attaclnnent of 
the coml. Hound many intertropical islands, for 
instance the Abrolhos on tlie coast of Brazil sur- 
veyed by Captain FitzJto}^, and, as I am informed by 
Mr. Cuming, round the Philippines, the hottom of the 
sea is entirely coated by irregular masses of coi'al, 
which although often of large size, do not reach the 
surface and form proper reefs. This must be owing 
either to insufficient growth, or to the absence of those 
kinds of corals which can withstand the breaking of 
the waves. 

The three chisses, atoll- formed, barrier, and fringing 
reefs, together with the modifications just described of 
the latter, include all the most remarkable coral-forma- 
tions anywhere existing. At the commencement of 
the last chapter in the volumo, where I detail the 
principles on which the map (Plate III,) is coloured, 
the exceptional cases will be eniunerated. 
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ox THE OEOWTII OF CORAL-ltEEFS. 

In tliis chapter I \rill gire all the factSj which I have 
^collcctcd, relating to the distribution of coral-reefs, — 
to the conditions favourable to their increase,— to the 
rate of their growth, — and to the depth at %vhich they 
are formed. 

These subjects have an important hearing on the 
theory of the origin of the dilBferent classes of coral- 
reefs. 



Section I. 

On the DisU'^utim of OoTGl-limfs^ and m the CondUiom favourahk ta 
their increase. 

With regard to the limits of latitude ov^er which coral- 
reefs extend, I liave nothing new to add. The Ber- 
muda Islands in 32"^ 15^ N., is the point furthest re- 
moved from the equator in whicli they appear to exist j 
and their extension here so far northward no doubt is 
duo to the warmth of tlie Gulf stream. In the Pacific, 
the Loo Choo islands, in lat. 27® have reefs on their 
shores, and there is an atoll in 28® 3Q', situated N.W. 
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of the Sandwich Archipelago. In the Ked Sea there 
are coral-reefs in lat. 30*. In the southern heiiiispliere 
coral-reefs do not extend so far from the eqiwitorial sea* 
In the Southern X^aeific there are only a few reefs 
beyond the line of the tropic, but Iloutmans Abrollios, 
on the western shores of Australia, in lat* 29* S*, are of 
coral-formation. 

The proximity of volcanic land, owing to the lime 
generally evolved from it, has been thought to be 
favourable to the increase of coral-reefs* There is, 
however, no foundation for this view j for nowhere 
are coral-reefs more extensive than on the shores of 
New Caledonia and of north-eastern Australia, which 
consist of primary formations ; and the Afaldiva, 
Chagos, J\Iarshall, Gilbert, and Low Archipelagoes, 
the largest groups of atolls in the world, are formed 
excliiaively of coral* 

The entire absence of coral reefs in certain lai'ge 
areas ’within the tropical seas, is a remarkable fact. 
Thus no coral-reefs were observed during the survey- 
ing voyages of the BmgU on the west coast of South 
America south of the equator, or round the Galapagos 
Islands. ' It appears, also, that there are none ' on this 
coast north of the equator \ Mr* Lloyd, who surveyed 
the isthmus of Panama, remarked to me, that although 
he had seen corals living in the Bay of Panama, yet lie 
had never observed any reefs formed by them. I nt first 
attributed this absence of reefs on the coasts of Peru and 

* 1 haT@ icifomod llmt lh^^j is the case, by Lieut, 
and others who bavo had ampin opportunities for obserratioa. 

Q 
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of the Galapag^os Islands/ to the caldncss of the cur- 
rents from the south, but the Gulf of Panama is one 
qf t!ie liottest pelagic districts in the world.® Tn the 
central parts of the Pacific there are islands entirely 
free from reefs ; and in some of these cases this appears 
to be due to recent volcanic action : but the existence 
of reefs, though scantily developed, and according to 
Dana, confined to one part of Hawaii {one of the Sand- 
wich Islands), shows that recent volcanic action does 
not absolutely prevent their growtln 

In the last chapter I stated that the bottom of tlie 
sea round some islands is thickly coated with living 
corals, which nevertheless do not form reefs, either 
from insufficient growth, or from the species not heing 
adapted to contend with the breaking waves, 

T have be(m assured by several navigators that 
there are no coral-reefs on the west coast of Africa/ or 

^ The mtnn tcmiKimtiJr© of tbo surfiice soa frtjni observations mado 
by tbo direction of Captain Fiulloj' on tlio sburys of tho Galapagos 
Islands, betweon the 16th of Septoiiiber iind the 20th of October, 1S35, 
was 6S^ Fahr* Th® lowest tempera turn observed was 58° *5 at tho 
S.W, uud of Albemarle Island ; and on tho west coast of this island, it 
was scveml times 62'^ and 63®. Tho mOfLii temperature of tho soil in 
tho Low Archipelago of atolls, and near Tahiti, from similar obsorm- 
tions made on board the {although further from tho 

eq^uator) 77° *5, tho lowest an}- day being 76® ■&» Therefore wa have 
hero ft difference of 9® '5 in moan tomporaturo, and 18® in ejctrcnics ; a 
ditforeuce doubtless quite sufficient to affect the distribution of ot^anic 
beings in tbo two areas, 

^ Humboldt^s Porsonal Narmtiro, vol. vj'L p. 434. 

® It might be concluded, from a paper by Captain Owen (Gcograph. 
Joum. yol. ii. p. S9), that the reefs olFCapo St. Anne and the Sherbciro' 
Islands wero of coral, although the atiUior states that they are not 
purely coralline. But I have been assured by Lreut^ llolland, R.N., 
that these reefs are not of coral, or at least that they do not at all r<> 
somble those iu the West Indies. 
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round the islands in the Gulf of Guinea* This perhaps 
may be attributed to the sediment brought down by 
the many rivers debouching on that coast, and to the 
estenaive mud-baiiks whicli line great part of it. But 
the islands of St. Helena, Ascension, the Cape Verdes, 
SL Paurs, and Fernando Noronha, are, also, entirely 
destitute of reefs, although they lie far out at sea, are 
composed of the same ancient volcanic rocks, and have 
the same general form with those islands in the Pacific, 
tlie shores of which arc surrounded by gigantic walls of 
coral-rock. With the exception of Bermuda, there is 
not a single coral-reef in the central expanse of the 
Atlantic ocean* It will, perhaps, bo suggested that 
the quantity of carbonat-e of lime in different parts of 
the sea may regulate the presence of reefs* But this 
cannot be the case, for at Ascension, the ^yaves, cliarged 
to excess, precipitate a thick layer of calcareous matter 
on the tidal rocks; and at St* Jago in the Cape Verdes, 
carbonate of lime not only is abundant on the shores, 
but it forms the cliief part of some upraised post- 
tertiary strata* The apparently capricious distribution, 
therefore, of coral-reefs, cannot be fully explained by 
any of the above obvious causes ; but, as the study of 
the terrestrial and better known half of the world, 
must convince every one that no station capable of 
supporting life is lost, — nay more, that there is a 
struggle for each station between di fferent organisms, 
— we may conclude that in those parts of the inter- 
tropteal sea in which there arc no coral-reefs, there 
are other organic beings, supplying the place of the 

o 2 
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reef-building polypifers. It has been shown in the 
chapter on Keeling atoll that there are some species of 
large fishj and the whole tribe of Holotlmrite^ which 
prey on the tenderer paiis of the corals. On the other 
hand, the polypifers in their turn mnst prey on other 
organic beings ; and they would suffer by the diminu- 
tion of tlieir prey through any cause. The relations, 
therefore, which determine the formation of reefs on 
any shore, by the vigorous growth of the efficient kinds 
of coral, must he very complex, and with our imperfect 
knowledge inexplicable. From these considerations, 
we may infer that changes in the condition of the sea, 
not obvious to our senses, might destroy all the coral- 
reefs in one area, and cause them to appear in another : 
thus, the Pacific or Indian ocean might become as 
barren of coral-reefs as now is the Atlantic, without our 
being able to assign any a<lequate cause for such a 
change.^ 

It has been a question with some naturalists, wliich 
part of a reef is most favourable to the growth of coral. 
The great mounds of living Porites and of Millepom 
round Keeling atoll occur exclusively on the extreme 
verge of the reef, which is washed by a constant siic- 

^ I liHVo left the foregoing ptiragTspbs noarlr ae thej stood in the 
first edition; hut, as sUted in the 1?naface to tho p^es^^nt worlr, Dana 
has shown that 1 havo undoryal ued tbo imporbiuce of the mean tempO’ 
ratiire of the tea during the coldest season of the year, on the distribu- 
tion of coral-reefs, ns well as perhaps tiio injurious aflaets of recent 
volcanic action. Hut I cannot see tbit the abaenco of coral-reefs round 
certain islands in the Atlantic, for instance Aacensiou, Paul's Rock, 
and Ferniindo Norouha, Or from the shores of the Gulf of Pananta, is 
explicable tlirough any known cause. 
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cession of breakers; and living coral cowbere else 
forms solid masses. At the Marshall islands the larger 
kinds of corals (chiefly a species of Astra?a, a genus 
closely allie<i to Porites)^ ^ which form rocks measuring 
several fathoms in tluckiiess,’ prefer, accoiding to 
Chamisso,^ the most violent surf* I have stated 
that the outer margin of the Maldiva atolls consists of 
li\dng corals, (some of which, if not all, arc of the same 
species with those at Keeling atoll;, and here the surf is 
so tremendous, that even large ships have been thrown, 
by a single heave of the sea, high and dry on the reef, 
all on board thns escaping with their lives. 

Ehrenl>erg® remarks, that in the Kcd Sea the 
strongest comls live on tlie outer reefs, and appear to 
love tlie surf ; he adds, that the more branched kinds 
abound a little way within, but that these in still 
more protected places become smaller. Many other 
tacts having a similar tendency might be adduced.^ It 
has, however, been doubted by MM. Quoy and Gaimard, 
whether any kind of coral can even withstand, much 
less flourish in, the breakers of an open sea * ; they 
affirm that the saxigenous lithophytes flourish only 



^ Kotzebue's Piret Voyuge (Brig. TtausI.), toL iii* pp. 142» ]4S, 331. 

^ Ebreubergj iiber dio Niitur mid Bildung der Oarulloii Banke iiu 
rothen Meere, p. 49. 

*Iii tbe West Inities, nH I am informed by Captfiin Bird Alloa, B.N.^ 
it is the oommon boliof of those Tvha aro host aequaintod Trith tho reefs, 
thiit the eorul nourishes most whi*re freoly exposed to the swell of the 
open &ea. 

* An Uti les des Sciences Nfttn relies, tom . vi. pp. 270, 278 * — * Ld ou 
lea ondes sont Rgitees. lea LytophytesS no peureut travailler, patce 
qu'elles detruiraicut leurs fragiles Edifices,* £^e. 
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where the water is tranquil, and the heat intense. 
This statement has passed from one geological work to 
another ; nevertheless, the protection of the whole reef is 
undoubtedly due to those kinds of coral^ which cannot 
even exist in the situations thought by these naturalists 
to be most favourable to them. For should the outer 
and living margin perish, of any one of the many low 
coral-islands, roimd which a line of great breakers is 
incessantly foaming, the whole, it is scarcely possible 
to doubt, would be washed away and destroyed in less 
than half a century. But the vital energies of the 
corals conquer the mechanical power of tho waves; 
and the large fragments of reef torn up by every 
storm, are replaced by the slow but steady growth 
of the innumerable polypifers which form the living 
zone on its outer edge. 

From these facts, it is certain, that the strongest 
and most massive corals fiourisli where most exposed. 
The loss perfect state of the reef of most atolls on the 
leeward and less exposed side, compared with its stale 
to windward ; and the analogous case of the greater 
number of breaches on the near sides of those atolls 
in the Maldiva Archipelago which afford some pro- 
tection to each other, are obviously explain e{i by this 
cii'ciim stance. If the question had been, under what 
conditions the greater number of species of coral, not 
regarding their bulk and strength, were developed, I 
should answer, — probably in the situations described 
by IM^r, Quoy and Gaimard, where the water is 
tranquil and the heat intense. The total number of 
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species of coral in the circumtropical seas must be 
very g^catj in the Kcd Sea alone, 120 kinds, accord- 
ing to Ebrcnberg,^ have been observed, 

The same author has observeii that the recoil of 
the sea from a steep shore is injurious to thci gi'owth 
of coral, although waves breaking over a bank are 
not so, Ehrenberg also states, that where there is 
much sediment, placed so as to be liable to be moved 
by the waves, there is little or no coral ; and a col^ 
lection of living specimens placed by him ou a sandy 
sliore died in the course of a few days,^ An experi- 
ment, however, will presently be related, in which 
some large masses of living coral increased rapidly in 
size, after having been secured by st^es on a sand- 
bank, That loose sediment should be injurious to 
the living polypifers, appears at first sight probable; 
and in sounding off Keeling atoll and Mauritius, the 
arming of the lead invariably came up clean, whore 
the coral was growing vigorously. A strange belief, 
^vhich, according to Captain Owen,^ is general amongst 
the inhabitants of the -Maldiva atolls, namely, that 
corals have roots, and therefore grow up again if 
merely broken down to tlie surface, but if rooted 
out, are pentmnently destroyed, — I am inclined to 
believe arises from the fact that loose sand injures 
the polypifers. For it is probable that sand ivould 

^ Ehrenberg uber die Kiilur, &c. p. 46. 

“ Jbid. p. 40, 

Captain Owen on the Geography of the Maldivii Mauds, Gcograph, 
Journal, Toh ii. p. SS, 
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accumulate in the lioUows formed by tearing out the 
conik, but not on the broken and projecting stumps ; 
and therefore, in the former case, the fresh growth 
of the coral would be prevented. By this means 
the inhabitants keep their harbours clear ; and thus 
the French Grovernor of St, Mary^s, in Madagascar, 
^ cleared out and made a beautiful little port at that 
place,’ 

In the last chapter I remarked, that fringing- 
reefs are almost universally breached where streams 
enter the sead Most authors have attributed this fact 
to the injurious oifeets of the fresh water, even where 
it enters the sea only in small <|uaiitity and during a 
part of the year, No doubt brackish water w ould pre- 
vent or retard the growth of coral ; but I believe that 
the mud and sand, which is deposited, even by small 
rivulets when flooded, is a much more efficient check. 
The reef on each side of the channel leading into Port 
Tjouis at [Mauritius, ends ahruptly in a w^all, at the 
foot of which I sounded, and found a bed of thick mud. 
This steepness of the sides appears to he a general 
character in such breaches : Cook,^ speaking of one at 
Eaiatea, says, * like all the rest, it is very steep on 
both sides,’ Now, if it were the fresh water mingling 

' Lievit. Wullstead and oUisrs Imvo that tins is tlic ease in 

tli(j EdcI Sear Dr. Riippoll (Baiso. in Abjfip, Band, i, s. 142) say» that 
are pear-Ehapeti liarboMrs in the npnnscd coral-coast, into whidi 
periodicftl etroains enter* From this cii^umslaneos I presume, we must 
infer tlint before the uphoaTn] of tho stmtJi dow fi^rining the coast-land* 
fresh water and sediment oiitored the sea at these points ; and the coral 
being thiis prevented growing, the pear-shaped harbours were produced* 
* Cook's First Vojage, yoh it p. 2T1. (Ilnwkes worth’s edit.) 



The Complete Work of Charles Darwin Online 



Sect- I* 



THE GEOWTIT 0¥ CQEAL-BEEFS* 



89 



with the Baits which prevented the gro%yth of coral, the 
reef eertainly would not terminate ahrnptly ; but as 
tlie polypiferB nearest the impure stream would grow 
less vigorously than those farther off, so would the 
reef gradually thin away. On the other hand, the 
sediment brought down from the laud would only 
prevent the growth of the coral in the line of its 
deposition, hut would not check it on the side, so that 
the reefs might increase till they overhung the bed of 
the channel, Tlie breaches are iruich fewer in number, 
and front only the larger valleys in reefs of the en- 
circling barrier class. They probably are kept open 
in the same mariner as those into the lagoon of an 
atoll, namely, by the force of the currents and the 
drifting outwards of fine sediment. Their position in 
front of valleys, although often separated from the 
land by deep-water lagoon-chaDnels, which it might 
be thought would entirely remove the inj urious effects 
Loth of the fresh water and the sediment, wull receive 
a simple explanation when we discuss the origin of 
barrier-reefs. 

In the vegetable kingdom every different station 
has its peculiar group of plants, and similar relations 
appear to prevail with corals. We have already de- 
scribed the great difference between the corals within 
the lagoon of an atoll and those on its outer margin. 
The corals, also, on the margin of Keeling Island occurred 
in zones : thus the Forites and Millepora co'inpUmafd 
grow^ to a large size, only where they are washed by a 
lieavy sea, and are killed by a short exposure to the 
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air ; whereas, three species of Nullipora also live amidst 
the breakers, but are able to survive uncovered for a 
part of each tide : at greater depths, a strong" Ma- 
drepora and MUle^m'a alcicorwls are the commonest 
kinds ; the former appearing to be confined to this part : 
beneath the zone of massive corals, minute encrusting 
corallines and other organic bodies live- If we com- 
pare the external margin of the reef at Keeling atoll 
with that on the leew^ard side of Mauritius, which are 
very differently circumstanced, we sfiall find a corres- 
ponding difference in the appearance of the corals. At 
the latter place, the genus Madrepora is preponderant 
over every other kind ; and beneath the zone of massive 
corals there are large beds of Seriatopora, There is 
also a marked dififerencej according to Cajjtain Moresby,^ 
between the great branching corals of the Red Sea, and 
those on the reefs of the Maldiva atolls* 

These facts, which in themselves are deserving of 
notice, bear, perhaps, not very remotely on a remarkable 
circumstance which has been pointed out to me by 
Captain Moresby, namely, tliat with very few exceptions, 
none of the coral-knblls within the lagoons of Peros 
Kanhos, Diego Grarcia, and the Great Chagos Bank (all 
situated in the Chagos group), rise to the surface of the 
water ; whereas, with equally few exceptions, all those 
within Solomon and Egmont atolls in the same group, 
and likewise those within the large southern Maldiva 
atolls, reach the surfircc, I make these statements, after 

1 Captain Moresby on the Northern Maldiva Atolls, Geograph, Joutq, 
Tol, V. p. 401. 
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having examined the cliartei of each atolh In the lagoon 
of Peros Ban h os, wliioh Is nearly twenty miles across, 
there is only one single reef which rises to the surface: 
in Diego G-arcia there are seven, hut several of these lie 
close to the margin of the lagoon, and need scarcely 
have been reckoned : in tlie great Chagos Bank there is 
not one. On the other hand, in the lagoons of some of 
the great southern Maldiva atolls, although thickly 
studded with reefs, every one without exception rises to 
the surface ; and on an average there are less than two 
submerged reefs in each atoll : in the northern atolls, 
however, the siihinerged lagoon-reefs are not quite so 
rare. Tlie submerged reefs in the Chagos atolls gener- 
ally have from one to seven fathoms water on them, hnt 
some have from seven to ten. Most of them are small 
with very steep sides ; ^ at Peros Banhos they rise from 
a depth of about thirty fathoms, and some of them in 
the Great Chagos Bank from above forty fathoms : they 
are covered, Captain Moresby infoi'ms me, with living 
and healthy coral twm and three feet lugh, consisting 
of several species* Why then have not these lagoon- 
reefs reached the surface, like the innuinerahle ones in 
the atolls above named ? If we attempt to assign any 
difference in their external conditions, as the cause of 
this diversity, we are at once batHed : the lagoon of 
Diego Garcia is not deep, and is almost wholly sur- 
rounded by its reef ; Peros Banhos is very deep, much 

* Somo of thcae Ktateinents were not eoiumunieated to me verbally 
by CaptHiin Moresby, but are tsLlieii irom the MS* account, before alluded 
to, of the Gbagos Group, 
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larger, ivitli many wide passages commimicating with 
the open sea. On the other hand, of those atolls in 
which all, or nearly all the lagoon-reefs have reached 
the surface, some are small, others large, some shallow, 
others deep, some well enclosed, and others open. 

Captain Moresby informs me that he has seen a 
French cliart of Dir go Garcia made eighty years before 
his survey, and apparently very accurate ; and from it he 
infers, that during this interval there has not been the 
smallest cliauge in the depth on any of the knolls within 
the lagoon. It is, also, known that during the last fifty* 
one years, the eastern channel into the lagoon has 
neither become narrower, nor decreased in depth ; and 
as there are nnmerous small knolls of living coral within 
it, some change might have been anticipated. Moreover, 
as the whole reef round the lagoon of this atoll has heeii 
converted into land — an unparalleled case, I believe, in 
an atoll of such large size, — and as the strip of land is for 
considerable spaces more than half a mile wide — also a 
very unusual circumstance,— we have the best possible 
evidence that Diego Garcia has remained at its present 
level for a very long period. With this fact, and with 
the knowledge that no sensible change has taken place 
during eighty years in the coral knolls, and considering 
that every single reef has reached the surface in other 
atolls, wliicli do not present the smallest appearance of 
being older than Diego Garcia and Peros Banbos, and 
which are placed under the same extcmal conditions 
with them, one is led to conclude tliat these submerged 
reefa, although covered with luxuriant coral, have no 
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tendency to grow upwards, and that they would remain 
at their present levels for an indefinite period* 

From the number of these knolls, from their posi- 
tion, size, and form, — many of them being only one or 
two hundred yards across, with a rounded outline and 
precipitous sides, — it is indisputable that tliey have been 
formed by the growth of coral; and this makes the case 
much more remarkable. In Peros Eanhos and in the 
Great Chagos bank, some of these almost cohiinnar 
masses are 200 feet high, and their summits lie only from 
two to eight fathoms beneath the surface ; therefore, 
a little greater proportional amount of growth would 
cause them to attain the surface, like those numerous 
knolls which rise from an equally great depth within 
the Maldiva atolls. We can hardly suppose that time 
has been wanting for the upward growtlx of the coral ; 
as in Diego Garcin, the broad annular strip of land, 
formed by the continued accumulation of detritus, shows 
how long this atoll has remained at its present level. 
We must look to some other cause than the rate of 
growth ; and I suspect it wdll be found in the reefs being 
formed of different species of corals, adapted to live at 
different deptlis. 

The Great Chagos bank is sittiated in the centre of 
the Chagos gi'oup, an<l the Pitt and Speaker banks at 
its two extreme points. These banl^s resemble atolls, 
except in their external rim being about eight fatlioms 
submerged, and in being formed of dead rock, with very 
little living coral on it : a portion nine miles long of 
the annular reef of Peroj Banhos atoll is in the same 
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concUtian. These facts, as will hereafter be shown, 
render it probable tliat the whole group at some 
former period subsided seven or eight fathoms [ and 
that the corals penshed on the outer margins of those 
atolls which are now submerged, but that it continued 
alive and gnjw up to the surface on the others now 
perfect. If all these atolls did formerly subside, and if 
from the suddenness of the movement or from any other 
cause, those species of corals which are bast adapted 
to live at a certain depth, once got possession of the 
knolls, supplanting their former occupants, they would 
have little or no power to grow upwards. To illustrate 
this, I may observe that if the corals of the upper 
zone on the outer edge of Keeling atoll were to perish, 
it is improbable tliat those of the lower zone would grow 
to the surface, and thus become exposed to conditions 
for which they do not appear to be adapted- The con- 
jecture that the corals on the submerged knolls within 
the Chagos atolls have analogous habits with those of 
the lower zone outside Keeling atoll, receives some sup- 
port from a remark by Captain Moresby, namely, that 
they have a different appearance from those on the reefs 
ill the Maldiva atolls, which, as we liave seen, all rise to 
the surface; lie compares the kind of difference to that 
of the vegetation under different climates, I have 
entered at considemble length into this case, although 
unable to throw much light on it, in order to show that 
coral-reefs situated in different places or at different 
depths, whether forming the ring of an atoll or the 
knolls within a lagoon, need not all be supposed to 
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have an equal tendency to upward growth. The infer- 
ence j therefore j that one reef could not grow to tlie 
surface within a given time, because another, not 
kno^vn to be coverc<l witl^ the same species of corals, 
and not known to be placed under exactly the same 
conditions, has not within the s^imo time reached the 
surface, is unsound. 



SECTION SECOND. 

On ihe Bate of Ormotk of Cofral^ef$. 

Tnn remark made at the .close of the last section, 
naturally leads to this division of our subject, which 
has not, I think, hitherto been considered under a 
right point of view. Elirenberg' has stated that in 
the Ecd Sea, the corals only coat other rocks in a 
layer from one to two feet in thic^es^, or at most to a 
fathom and a-half ; and he disbelieves that, in any 
case, they form by their ovm proper grow^th, great 
masses, stratum over stratum. A nearly similar obser- 
vation has l)ccn made by MiM. Quoy and Gaimard,^ 
with respect to the thickness of some upraised beds of 
coitil, which they examined at Timor and some other 
places. Ehrenbcrg^ saw certain largo massive corals in 
the Red Sea, which he imagines to be of such vast 
antiquity, that they might have been beheld by 

' Ehren1>erg, m# before ciied^ pp. 89^ 40, and 50. 

= AuTialos des Science Kat,, lorn. vi. p. 28. 

^ Ehrenberg, vit mp. p.. 42 . 
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pharaoh ; and according to Sir C* LyelP there are 
certain coraU at Bermuda, which are known by tra- 
dition to have been living for centuries.^ To tihow 
liow slowly coral-reefs grow upwards. Captain Eeechey^ 
has adduced the case of the Dolphin Keef off Tahiti, 
which has remained at the same depth beneath the 
surface, namely, about two fathoms and a^half, for a 
period of sixty-seven years. There arc reefs in the 
Red Sea, which certainly do not appear* to have in- 
creiiscd in dimensions during the last half eantury, and 
from the comiKirison of old charts with recent surveys, 
probably not during the last two hundred years. 
These, and other similar .facts, have so strongly im- 
pressed many with the belief of the extreme slowness 
of the growth of corals, that they have even doubted 
the possibility of islands in the great oceans having 
been formed by their agency. Others again, who have 
not been overwficlmed by this difficulty, have ad- 
mitted that it would require thousands, and tens of 
thousands of years, to form a mass even of incon- 



* I»joirs Principles of \xy>\ iii. ch, xviii. 

® Since the preceding (of the first edit.) hjive hcen printed off, 
I have received from Sir C. LyoU aji interestirig pamphlet, enlided 
Remarks upon For mat ions, &e., by J. Couthouy, Boston, United 

States^ IS P2. A statomoat (p. 6) is hero given on the authority of the 
Iter. J. Williams, corroborating the abov^o remarks on the antiquity of 
certain liHlivitlual eoralu, namely, that nt Upolti, one of the Navigator 
islands, ' particular dumps of coral arc kno\vn to the fiahemen by 
name, derived from eilbor »omo pnrticulnr configuration or tradition' 
attnehod to tltcm, nud banded down from time Immemorial/ 

* Ikocliey s Voyage to iho Pacific, ck vllK 

* Ehrenberg, ut ^p. p< 43, 
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siderable thickness : but the subject has not, I believe^ 
been viewed in the proper light. 

That masses of considerable thickness have been 
formed by the growth of coral, may be inferred with 
certainty from the following facts. In the deep 
lagoons of Peros Banhos and of the Great Cliagos 
Ixmk, there are, as already described, small steep- 
sided knolls covered with living coraL There are 
similar knolls in the southern Maldiva atolls, some of 
which, as Captain Moresby assures me, are less thau a 
hundred yards in diameter, and rise to the surface 
from a depth of between 250 and 300 feet. Con- 
sidering their mimber, form, and position, it would he 
preposterous to suppose that they are based on pin- 
nacles of rock, or on isolated cones of sediment. As 
no kind of living coral grows above the height of a 
few feet, we are compelled to suppose that these knolls 
have been formed by the successive growth and death 
of many individuals, — first one being broken off or 
killed by some accident, and then another, and one set 
of species being replaced by another set with different 
habits, as the reef rose nearer the surface, or as other 
changes supervened- The spaces betw^een the corals 
would become filled up with fragments and sand, and 
such matter would probably soon be consolidated, for 
we learn from Lieut. Nelson’s ^ observations at Bermuda 
that a proce^ of this kind takes place beneath water, 
without the aid of evaporation. In reefs, tdso, of the 
barrier class, we may feci sure, as I have shown, that 

1 Oeolo^^ioal Transaction s, ?oL r. p. 113, 

n 
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masses of great thickness have been formed by the 
growth of coral. In the case of Vanikoro, judging 
only from tlic depth of the moat between the land 
and the reef, tlie wall of coral- rock must be at least 
300 feet in vertical thickness- 

So again some of the upraised islands in the Pacific 
show what thick masses of coral-rock have been 
formed, Dana* states that 5Ietia, in the Paumotu 
or IjOw Archipelago^ consists of white solid limestone 
with some disseminated corals; and this island once 
existed as an atoll, though now surrounded by cliffs 
250 feet in height. The cliffs round Elizabeth Island 
in the same archipelago are 80 feet high, and are 
composed, according to Beechej, of homogeneous coral- 
rock- Mangaia in the Hervey Group, and It unit u, 
appear both to have once existed as encircled islands, 
and their barrier-reefs are now in parts 300 feet above 
the level of the sea,^ 

Some attempts have been made, with but little 
success, to ascertain by boring the thickness of coral 
formations. At Bow Island, in the Low Archipelago, 
Sir E. Belcher^ bored to a depth of 45 feet, and 
below the first 20 found only coral-sand. During 
Wilke’s Expedition*, in a boring of 21 feet in depth 

* Corals and Coml IsLvuds, IS72^ p. 1 93. See also Mr. Coutlio^xj^s 
pamphlet above referred to. 

^ Dana. Corals and Coral p. 336. Also Forster" s Voyage 

ratitidtbe World wkli Owk, vol. ii. pp. 103, 167* Williams's Namtivo 
of Missioiiary Katorprieo. pp. 30, 48, and 249. 

* ^"ojag© Hound tbe World, voK i, 18i3, p. 369. 

* Narrative U-S. Explorinj? Expe<litioti, voL iv. p, 208. Duiia, 
Corals and Coral Islands, p. IS4. 
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on one of the islands in the same archipelago, coral- 
sand ^vas passed through for the first 10 or II feet, 
and then solid reef rock. On one of the Maidiva 
atolls in the Indian Ocean, Captain Moresby bored to 
a depth of 26 feet, when his augur broke. Ho gave 
me the matter brought up, and it was perfectly white 
like finely triturated coral-rock. 

In my description of Keeling atoll, I have ad- 
vanced some facts showing that the reef has probably 
grown outwards ; and I found, j ust within the outer 
margin, the great mounds of Porites and of IVIillepora^ 
with their sTimmits lately killed, and their sides sub- 
sequently thickened by the gi^owth of the coral: a 
layer, alsi», of Nullipora had already coated the dead 
surface. As the external slope of the reef is the same 
round the whole of this and many other atolls, the 
angle of inclination must result from an adaptation 
between the growing powers of the coral and the 
force of the breakers, and their action on the loose 
sediment- The reef, therefore, could not increase out- 
wards without a nearly equal addition to every part 
of the slope, so that the original inclination might be 
preserved, and this would require a large amount of 
sediment, all derived from the wear of corals and 
shells, to be added to the lower part. Moreover, at 
Keeling atoll and probably in many other eases, the 
different kinds of coral would have to encroach on each 
other ; til us the Nulliporae cannot increase outwards 
without encroaching on the Porites and Millepora 

H 2 
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cornqylancUa^ as is now taking place j nor these latter 
without encroaching on the stiT)ngly branched 3»tadre- 
pora, the MiHcpora aloicoi^is^ and some Astrseas ; nor 
these again \rithout a foundation being formed for 
them within the requisite depth, by the accumulation 
of sediment. How slow, then, must be the ordinary 
lateral or outward growth of such reefs! But off 
Christmas atoll, where tlie sea is much more shallow 
than is usual, we have good reason to believe that, 
within a period not very remote, the reef has in- 
creased considerably in width- The land has the 
ext inordinary breadth of three miles; it consists of 
pamllel ridges of shells and broken corals, which 
funiish *au incontestable proof,’ as obsen^ed by Cook,* 
^ that the island has been produced by accessions from 
tbe sea, and is in a state of increase,’ The land is 
fronted by a coral-reef, and from the manner in which 
islets are known to be formed, we may feel confident 
that the reef was not three miles wide when the first, 
or most inward ridge, was thrown up ; and, there- 
fore, we must conclude that the reef has grown out- 
wards during the accumulation of tbe siicccssive ridges. 
Here then, a wall of coral-rock of very considerable 
breadth has been formed by the outward growth of 
the living margin, within a period, during which 
ridges of shells and corals, lying on the bare surface, 
Jiavo not decayed- There can be little doubt, from the 
axx?ount given by Captain Becebey, that Matilda atoll in 
Ahe Low Archii>elago has been converted in the space 

* C€ok*s TLinl Voy/ige, book in. ch, x. 
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of thirty-four years, from bein^, as described by the 
crew of a wrecked whaling vessel, a ‘ reef of rocks/ 
into a lagoon-island fourteen miles in length, with 
‘^one of its sides covered nearly the whole way with 
high trees/^ The islets, also, on Keeling atoll, it has 
bcen^ shown, have increased in length, and since the 
constrnctioii of an old chart, several of them have 
become united into one long islet ; but in this case, 
and in that of Matilda atoll, we have no proof that 
the foundation of the islets, namely the reef, has 
increased in breadth, although it must be allowed that 
this is probable, 

I think, therefore, in regard to the possible rate of 
otifward growth of coral-reefs, but little im|>ortance 
need be attached to the fact that certain reefs in the 
Red Sea have not increased during a long interval of 
time, or to other similar cases, such as that of Ouluthy 
atoll in the Caroline group, where every islet, described 
a hundred years before by Cantova, found in the 
same state by Lutke.^ For it cannot be shown that, 
in those cases, the conditions were favourahle to the 
vigorous and unopposed gi^owth of tlic corals living 
in the different zones of depth, and that a proper basis 
for the extension of the reef was present. These 
conditions must depend on many contingencies, and 
a basis within the requisite depth can rarely he pre- 

Voyage to tlio ob. vii. and viii. 

- F* Lutto’s Vojago iiutour du Mondfi. In the groiip Khito, how- 
ewer, it appoai^ tliftt whn.t is now the islet Fiilipi, is called in Oantova^i^ 
Charti, the Bono do Falipi. It is not stated wli ether this has been 
caused by Uie growth of coral, or hy the acenmulatioa of sand. 
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aent in the deep oceans where coral formations most 
abouncl. 

Nor do I think, when we consider the rate of the 
upivavd growth of reefs iinder favourable circumstances, 
that wc sliould be influenced bj the fact that certain 
submerged reefs, such as those off Tahiti or those witli in 
Diego Grarcia, are not now nearer tlie smTace than they 
were many years ago. For it has been shown that all 
tlie reefs have grown to the surface in some of the 
Cliagos atolls, but that in neighbouring atolls whidi 
appear to be of equal antiquity and to he exposed to 
the same external conditions, every reef remains sub- 
merged ; wc arc, therefore, almost driven to attribute 
this to a difference, not in the rate of growth, but in 
the habits of the corals in the two cases. 

In an old-standing reef, the corals, which gi'catly 
differ in kind on different parts of it, are proliably 
all adapted to the stations they occupy, and hold their 
places, like other organic l>cings, by a struggle one 
with another and with external nature ; hence we may 
infer that their growth would be slow except under 
peculiarly favourable circumstances. Almost the only 
natural condition, allowing a quick upw^avd growth of 
the whole surface of a reef, would be a slow subsidence 
of the area in which it stood if, for instance, Keeling 
atoll were to subside two or three feet, can we doid)t 
iliat the projecting margin of live coral, about half an 
inch in thickness, which surrounds the dead upper sur* 
faces of the mounds of Porites, would in this case form 
a concentric layer over them, and the reef thus increase 
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TipwardSj instead of, at present, outwards? The 
Nulliporae are now encroaching on tlie l^oritcs and 
Miliepora, but in this case might we not confidently 
expect that the latter would, in their turn, encroach on 
the Nulliporse? After a subsidence of this kind, the 
sea would gain on the islets, and the great fields of dead 
but upright corals in the lagoon would be covered by a 
sheet of clear water ; and might we not then expect 
that these reefs would rise to the surface, as they an- 
ciently did when the lagoon Avas less confined by islets, 
and as they did within a j^eriod of ten years in the 
schooner-channel cut by the inhabitants* In one of the 
Maldiva atolls, a reef, which within a very feAv years 
existed as an islet l^earing cocoa-nut trees, was found by 
Lieut. Prentice ^ entirelj^ covei'ed ivith live coral cmd 
Madrepore*^ The natives believe that the islet was 
w'ashed away by a change in the currents, but if, in- 
stead of this, it had quietly subsided, surely every part 
of the island which offered a solid foundation, would in 
a like manner have become coated with living corah 
Through steps such as these, any tliickncss of rock 
composed of a singular intermixture of various kinds 
of corals, shells, and calcareous sediment, might be 
formed ; but without subsidence, the tliickness would 
necessarily be determined by the depth at which the 
reef-building polypi f or s can exist* If it be asked, at 
wLat rate in years I suppose a reef of coral favourably 
circumstanced could grow up from a giA’^en depth ; I 
must answer that we have no precise eAudence on 
this head* It Avill, hoAvever, be hereafter shown that 
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in certain large areas where subsidence has probably 
been long in progress, the growth of the corals lias 
been sufficient to keep the reefs up to the surface ; and 
this is a much more important standard of comparison 
than any cycle of years. 

It may, however, be inferred from the following 
facts, that the rate under favourable circumstances 
would be far from slow. Dr, Allan of Fon^es has given, 
in his MS, Thesis deposited in the Hbraiy of the 
Edinburgh University, the following account of some 
experiments, which he tried during his travels in 
the years 1830 to 1832 on the East Coast of 
Madagascar. * To ascertain the rise and progress 
of the coral family, and fix tlio number of species 
met with at Foul Point (lat, 17"^ 40' J, twenty spe- 
cies of coral were taken off the reef and planted 
apart on a sand-bank three feet deep at low vjater. 
Each portion weighed ten pounds, and was kept in 
its place by stakes. Similar quantities were placed 
in a clump and secured as the rest. This was done in 
December 1830, In July following, each detached 
mass was nearly level with the sea at low-water, quite 
immovable, and several feet long, stretching, like the 
parent reef, in the line of the coast-current from north 
to south. The masses accumulated in a clump were 
found equally increased, but some of the species in 
such imequal ratios as to be growung over each other,* ^ 
The loss of Dr, Allan’s magnificent collection by 

* I owe the atove extract to tlie kindness of Di. Malcolmsoa. 
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shipwreck, imfortunately prevents its being known 
to what genera these corals belonged ; but from the 
numbers experimented on, it is certain that all the 
more conspicuous kinds must have been included- 
Dr, Allan informs me, in a letter, that he believes 
it was a Madrepora wliich grew most vigorously. 
One may be permitted to suspect that the level of the 
sea might possibly have been somewhat different at the 
two stated periods ; nevertheless, it is quite evident 
that the growth of the ten-pound masses, during the 
sis or seven months at the end of which they were 
found to be immovably fixed * and several feet in 
length, must have been very great. The fact of the 
different kinds of coral, when placed in one chimp, 
having increased in extremely unequal ratios, is very 
interesting, as it sliows the manner in which a reef, 
supporting many species of coral, would probably be 
affected by a change in the external conditions 
favoiuing one kind more than another. The growth 
of the masses of coral in N, and S, lines parallel to 
tlie prevailing currents, whctlier due to the drift- 
ing of sediment or to the simple movement of the 
water, is, also, an interesting circumstance, 

Lieut. Welktead, LN,, informed me that in the 
Persian Gulf a ship had her copper bottom en- 
crusted in the course of twenty months with a layer 

* It is stated hy Mr. De la Bedio (Geological Manual, p. U8)» on 
tbo autlioritj of Mr. Llojd, irho fiurvejed the Isthmus of Panama, that 
some specimens of Pol^vpiforss, placed him in a sheltered pool of 
water, were found in the course of a few days firmly fised by the sccre- 
tion of a stony matter, to the bottom. 
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of coral two fmt in thickness, wliich it required great 
force to remove when tlie vessel was docked ; it was 
not ascertained to what order this coral belonged*^ 
This fact in some degree corroborates the result of 
Dr. AUan^s experiments* The case of the schooner- 
channel, choked lip with coral in an intcirval of less 
than ten years, in the lagoon of Keeling atoll, should 
be here borne in mind. We may also infer, from 
the trouble which the m habitants of the ]\Iakliva 
atolls take to root out, as they express it, the coral- 

* Mr. Stutehbury (West of Eri^^laiid JoiirDriL No. I. p, 60) liiis do- 
Ejcribed a specimen of Agars da > ' wetf^htiig 2 lbs* D osc., whic^li surrounds 
a a pedes of oyster^ wlioso ago could not bo more th.^n two yearsj and 
yet is compietely enveloped by ibis cloiisc comi.' I presume that the 
oy?*ter was living when the apecimert vvas prutiured ; otherwise the fact 
tells nothing. Mr. ytutehbury also mentioiiH an anchor, which had 
bceoiDB entirely encrusted with’ coral in fifty years; other cases, how- 
ever, are recordetl of anchors having long remaiued amidst corabreel's 
without having become coate<l. The anchor of the BeagU, in 
after having been down ujoictly one month at Eio de Janeiro, was so 
thicklj coated by two species of Tuliularia, that large spaces of the inm 
were entirely eonccaletl \ the tufts of this homy zoophyte were between 
two and three inches in length* Spallanzani stales (Travels, Eng. 
Transiat* vol. iv. p. 313) that in t ho Mediterranean, the red coral of 
commerce is usually dredged every ten years, during which time it 
grown to a height of one foot. It grows, however, at different 
rates in different places. It has been errorieously atten^pted to 
eijtopute the rate of growtii of a roof, fix™ the fact mentioned by 
Captain Eeechey of tlie Chania gigm being embedded in coral rock. 
I Jut it should be remembered, that some species of fids genus invariably 
live, both whilst young and old, in cavities, which the animal has tha 
jxjwer of enlarging with its growth. I saw* many of these shells thus 
embedded in the outer * flat ’ of Keeling atoll, which is comprised of 
dead rock ; and therefore the c^ivities in this case had no relation 
whatever to the growth of coral M* Li'Sson, also, speaking of thin 
eliclL (Parti e Zoolog., Yoyago de la CoguiHf). has remarked, ‘ qae cod- 
SUmment ses valves oba.icut eug^igcs eompletement dans la masse dcs 
Madrepores.* 
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knolls from their harbours, that their growth can 
hardly be very slow- I may add, that M. Diichassaing 
broke off all the Madrepores growing on a iiiarkcd 
place in a bay at Gnatlaloiipo ; and in the course ot 
two months be found there a greater number of corals 
than before*' 

From the facts given in this section, it may be 
concluded, first, that considerable thicknesses of rock 
liave certainly been formed within the present geo- 
logical era by the growth of corals and the accmmi- 
lation of their detritus ; and, secondly, that the 
increase of individual corals and of reefs, both out^ 
wards or horizontally, and upwards or vertically, under 
conditions favourable to such increase, is not slow, 
when referred either to the standard of the average 
oscillations of level in the earth’s cnist, or to the more 
precise but less important one of a cycle of years* 

SECTION THIRD* 

Oit ike Bepfke al tehich Eecf- building lim. 

I ifATE already described in detail the nature of the 
bottom of the sea immodiatoly surrounding Keeling 
atoll ; and I will here describe with almost equal 
care the soundings off the fringing-reefs of Mauritius* 
1 sounded with the wide bell-shaped lead which Captaiu 
FitzKoy iLscd at Keeling Island* My esami nation 
of the Iwttom was confined to a few miles of coast 

* L’Institut, I846,|i. Ill* 
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(between Part Louis and Tomb Bay) on t1ie leeward 
aide of the island, Tlie edge of the reef is formed 
of great ahapeless masses of branching Madrepores, 
which chiefly consist of two species, — apparently 
M. co'iymhosa and podllifera ^ — mingled with a few 
other kinds of coral* These masseB are separated from 
each other by the most irregular gnllics and cavities, 
into which the lead sinks many feet* Outside this 
irregular border of Miidrepores, the water deepens 
gradually to 20 fathoms, which depth generally is 
found at the distance of from half to three-quarters of 
a mile from the reef, A little furtlier out the depth 
is $0 fathoms, and thence the bank slopes rapidly 
into the depths of the ocean* This inclination is very 
gentle compared with that outside Keeling and other 
atolls, but compared with most coasts it is steep. Tlie 
■water was so clear outside the reef, that 1 could 
distinguish every object forming the rugged bottom* 
In this part, and to a depth of 8 fathoms, I 
sounded repeatedly, and at each cast pounded the 
bottom with the broad lead ; nevertheless the arming 
invariably came up perfectly clean, but deeply in- 
dented. From 8 to 15 fathoms a little calca-* 
reous sand was occasionally brouglit up, but more 
frequently the arming was simply indented* In all 
this space the two Madrepores above mentioned, and 
two species of Astrsea with rather large stars, seemed 
the commonest kinds ; and it must he noticed that 
twice at the depth of 15 fathoms, the anning was 
marked with a clean impression of an Astra^a* 
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Besides these lithophytes, some fra.gmeiits of the 
Millejpora alcico'mis which occims in the same relati%^e 
position at Keeling Island, were brought up ; and in 
the deeper parts there were large beds of a Seriato- 
pora, different from S. subulata^ but closely allied to 
it. On the beach within the rc? 0 f 5 the rolled fragments 
consisted chiedy of the corals just mentioned, and of 
a massive Porites like that at Keeling atoll, of a 
Meandrina, Pocilloj^&ra ve^rrmosa^ and of numerous 
fragments of Kullipora, From 15 to 20 lath o ms the 
bottom was, with few exceptions, either farmed of 
sand, or thickly covered with Scriatopora ; this delicate 
coral seems to form at these depths extensive beds 
unmingled with any other kind. At 20 fathoms, one 
sounding brought np a fragment of Madrepora, ap- 
parently M, j[}OcillifeTa^ and I believe it to be the 
same species as that which mainly forms the upper 
margin of the reef ; if so, it grows in depths varying 
from 0 to 20 fathoms. Between 20 and 23 fathoms I 
obtained several soundings, and they all showed a sandy 
bottom, with one exception at 30 fathoms, when the 
arming came up scooped out as if by the margin of a 
large Caryophyllia. Beyond 33 fathoms I sounded 
only once ; and from 86 fathoms, at the distance of one 
mile and a third from the edge of the reef, the arming 
brought up calcareous sand with a pebble of volcanic 
rock. The circumstance of the anning having in- 
variably come up quite clean, wlieu sounding within a 
certain number of fathoms off‘ the reefs of Mauritius 
and Keeling atoll (8 fathoms in the former case, 
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and 12 in tlic latter), and of its having always 
come up (with one exception) smoothed and covered 
with sand when the depth exceeded 20 fathomsj 
probably indicates a criterion^ by which the limits 
of the vigorous growth of coral might in all cases he 
readily ascertained, T do not^ however, suppose that 
if a vast number of soundings w^ere obtained round 
those islands, the limit above assigned would be found 
never to vary, but T conceive the facts arc sufficient to 
show that the exceptions would be few. The circum- 
stance of a grad/ujil change, in tlio two cases, from a 
held of clean coral to a smooth sandy bottom, is far 
more important in indicating the depth at ivhieh the 
larger kinds of coral flourish, than almost any number 
of separate observations on the depth at which certain 
species have heen dredged up. For we can understand 
the gradation only as a prolonged struggle against 
unfavourable conditions. If a person were to hnd the 
soil clothed with tnrf on tho banks of a stream of 
water, but on going to some distance on one side of it, 
lie observed the blades of grass growing thinner and 
thinner with intervening patches of sand, until he 
entered a desert of sand, he would safely conclude, 
especially if changes of the same kind Avero noticed in 
otlier places, that the presence of the water was abso- 
lutely nccesstiry to the formation of a thick bed of 
turf ; so may w^e conclude, with the same feeling of 
certainty, that thick beds of coral are formed only at 
small depths beneath the surface of the sea. 

I have endeavoured to collect every fact wliicli 
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might either invalidate or corroborate this conclusion* 
Captain Moresby, whose op]>ortimitics for observation 
during his survey of the Maldiva and Cliagos Archi- 
pelagoes were unrivalled, informs me, tlmt the upper 
part or zone of the steep-sided reefs on the inner and 
outer coasts of the atolls in both groups, invariably 
consisted of coral, and the lower parts of sand* At 
7 or 8 fathoms depth, the bottoTU is formed, as could 
he seen through the clear water, of great living 
masses of coral, which at about 10 fathoms generally 
stand some way apart from each other, with patches of 
white sand between them, and at a little gi^eatcr dcptlt 
these patches become united into a smooth steep slope 
without any corah Captain Moresby, also, informs me 
in support of the above statement, that lie only found 
decayed coral on the Padua Bank (northern part of the 
Jjaccadive group), which has an average depth of 25 
to *35 fathoms ; but that on some other banks in the 
same group, witli a depth of only 10 or 12 fathoms, 
(for instance, the Tillacapcni bank) the coral was 
living* 

Professor Dana likewise states that during the various 
and extensive surveys in the Pacific Ocean, made during 
the United States Exploring Expedition, no evidence 
was found of corals growing beyond the depth of 20 
fathoms*' I may here add that Sir E* Belcher, though 
lie does not state to what depth living corals extended, 
says that many soundings were taken off Bow atoll, at 

' Corak and C«ral Islands, 187?» p* IIS, 
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depths ranging from 50 to 960 fathoms, and that the 
bottom always consisted of coral sand.' 

With regard to tlic coral-reefs in the Red Sea, 
Ehronberg has the following passage. ^ The living 
corals do not descend there into great depths. Oit the 
edges of islets and near reefs, where the depth was 
small, very many lived ; bnt we found no more even at 
six fathoms. The pearlfishers at Yemen and Massaua 
asserted that there was no coral near the pearl-banks at 
nine fathoms depth, but only sand. We were not able 
to institute any more special researehesd “ I am, bow- 
ever, assured both by Captain Moresby and Lieut. Well- 
stead, that in the more northern parts of the Red Sea, 
there are extensive beds of living coral at a depth of 25 
fatlioms, in wliich the anchors of their vessels were 
frequently entangled. Captain Moresby attributes the 
less depth at wliieh tlie corals are able to live in the 
places mentioned by Ehrenberg, to the greater quantity 
of sediment there ; the situations, where they were 
flourishing at the depth of 25 fathoms, were protected, 
and the water was extraordinarily limpid. On the 
leeward side of ^laiiritius, where I found the coral 
growing at a somewhat greater depth than at Keeling 
atoll, the sea, owing apparently to its tranquil state, 
was likewise very clear. Within the lagoons of some 
of the Marshall atolls, where the water can be but little 
agitated, there are, according to Kotzebue, living beds 
of coral in 25 fathoms. From these several facts, and 

1 Voyage Kound tlic World, 1843, p. STS, vol. i. 

^ Ehreuberg iiber dio Katur, &c. p, 
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cousidcring the manner in wliich the beds of clean coral 
off Mauritiusj Keeling Island^ tlie J^Ialdiva and Chagos 
atolls, graduated into a sandy slope^ it appears very 
probable that the depth at which reef-building poly- 
pifers can exist, is partly determined by the extent of 
inclined surface which the currents of the sea and the 
recoiling waves have the power to keep free from 
sediment. 

MM. Qiioy and Gaimard * believe that the growth 
of coral is confined within veiy limited depths ; and 
they state that they never found any fragment of an 
Astraia (the genus they consider most efficient in form- 
ing reefs) at a depth above 25 or 30 feet* But we 
have seen that in several places the bottom of the sea 
is paved with massive corals at more than twice this 
depth ; and at 15 fathoms (or thrice this depth) off the 
reefs of Mauritius, the arming was marked with the 
distinct impression of a living Astrsea, Mill^ova 
alcicomw lives in from 0 to 12 fathoms, and the genera 
Madrepora and Seriatopora from 0 to 20 fathoms. 
Captain Moresby has given me a specimen of Sidm'opora 
scahra (Pontes of Lamarck) brought up alive from 1 7 
fathoms. Mr, Couthouy^ states that on the Bahama 
banks he dredged up considerable masses of Mean- 
drina from 16 fathoms, and has seen this coral growing 
in 20 fathoms. 

Captain Beechey informs me that branches of pink 

* Asnales dca Sci. tom. vi. 

* Bomarks on Conil Formations, p. 12. 

I 
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and yellow coral were frequently brought up from be- 
tween 20 and 25 fathoms off the Low atolls; and Lieut. 
Stokesj writing to me from the N. W, coast of Australia, 
says that a strongly branched coral was procured there 
from 30 fathoms i unfortunately it is not known to what 
genera these corals belong. 

Although the limit of depth, at which ^ach particular 
kind of coral ceases to exist, is thus far from being 
accurately known ; yet when we hear in mind the 
manner in which the clumps of coral gradually became 
infrequent at about the same depth, anti wholly <lis-. 
appeared at a greater depth than 20 fathoms on the 
slope round Keeling atoll, off the reefs in the Pacific 
(according to Dana), on the leeward side of the Mauri- 
tius, and at rather less depth both within and without 
the atolls of the Maldiva and Chagos Archipelagoes ; 
and when wc know that the reefs round these islands do 
P(>t differ from other coral formations in their form and 
structure, we may, I think, conclude that in ordinary 
cases, reef-building polypi fers do not flourish at greater 
depths than between 20 and 30 fathoms, and rarely at 
above 15 fathoms. 

It has been argued,^ that reefs may possibly rise 
from very great depths through the means of small 
corals first making a platform for the growth of the 
stronger kinds. This, howovor, is an arbitrary supposi- 
tion : it is not always rememhored, t)iat in such cases 
there is an antagonistic power at work, namely, thii decay 
of organic bodies wlien not protected by a coveiung of 
* Jouraal of tUo Roynl Ge^^grapt. Swr, ISSl, p. 218. 
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sediment or by their own rapid growth. We have, 
moreover, do right to calculate on unlimited time for 
the accumuiatioD of small organic bodies into great 
masses. Every faci in geology proclaims that neitlier 
the dry land nor the bed of the seii retains the same level 
for indefinite periods. As well might it be imagined 
that the British Seas would in time become choked up 
with beds of oysters, or that the nameroiis small coral- 
lines off the inhospitable shores of Tierra del Fuego 
would in time form a solid and extensive coral-reef.^ 



* I will bore record tho few facts which I hiwe heon able to collect 
to tho depths, both withiu and W'ithout the tropics, iDhabitod by 
thof^ coral? and comliiaea which we have no rcHson to suppose ev'Cr 
material ly aid in the coustmcliou of a reef. ^r. Stokes ako ehowed 
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me a Caryophyllia which was dr»xlgcd up alive by Captain King 
from a depth of 8(1 fathoms off Juan^^Pemandez. in lat. 33* S. Ellis 
(Nat. Hist, of Coralline, p. 96) states that Ombellularia was pro- 
cured in lat. 79* N. jsi-ickin^ to a lim from the depth of 236 fathoms ; 
heuo© this coral cither must have been floating' loose, ot was entajigled 
in a strjiy line at the bottom. Off Keeling atoll a compound Ascidia 
(Sigillina) wa.s brought up from 89 fatJioms, and a piece of sponge, 
apparently living, from 79, and a fragment of NuUipora, also appa- 
rently liTing, from 92 fathoms. At a greater depth than 90 fathoms 
the bottom was thickly strewed with jointft of a Halimeda and small 
fi’agmenta of other KnUiporae, but all dea<L Captain B. Alien, E.N., 
informs me that in the survey of th* West Indies it was noticed, 
that between the tlepth of 10 and 200 lalhotus, the BOiinding-lead very 
generally came up coated with tho dead joints of a Halimeda, of which 
he showed me specimens. Off Pernambuco, in Hiazil, in about 12 
fathoms, the bottom was covered with fragiueuts, dead and alive, of a 
dull red Nullipora, and I infer from Roussin's chart, that a bottom 
of this kind extends over a wide area. On the beach, within the 
combreefs of Mauritius, vast quantities of fragments of Nullipor<© 
were piled up. Prom these facts, it appears that these simply or- 
ganised bodies, belonging to the vegetable kingdom, are amongst the 
most abundant productions of the sea. 
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THEOET OF THE FORMATION OF mE DIFFEREKT CLASi:^ES 
OF COHAL-liBEFS. 

The aMis of the hrger archii^eletgoes not formed on ^uhmer^td craitF4, 
or on hanke of stdiment — artm interspersed mUh atedh — 
Their subsidences The tffeeis of stm-ms and earthquakes an at&Us — 
liecent ehanges in thHr state —2'he origin of barrier-reefs and of 
atolUs'Pheir relative farms — The siq?formeil ledges and tt^iaUs round 
the shores of some lagams—Tke rmgf armed retfs of the Malditiu 
atolh — The submerged eoiidition of parts or of the uholeof sotne mnu- 
lar reefs — The dissevermeni of large atoUs — The union ofatoHshg linear 
reefs — The great Chagas Bank — Objectiin^s considered arising from the 
area and amount of subsidmee rtquir^ hg the iktorg—Tlm predicMe 
compositifm of the lou;et parts of atedh. 



The naturalists who liave visited tlie Pacific^ seem to 
have had their attention riveted by the lagoon -islands 
or atolls,^ — those singular rings of coral-land which rise 
abruptly out of the unfathomable oceaoj — and have 
passed over^ almost unnoticed, the scarcely less won- 
♦leiful encircling barrier-reefs- The theory most 
generally received on the formation of atolls, is that 
they are based on submarine craters: but where can we 
find a crater of the shape of How atoll, which is five 
times as long as it is broiid (Plate I- fig, 4); or like 
that of 31enchicoff Island (Plate II. fig. 3), with its 
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throe loopgi, together sixty iriiles in length ; or like 
Rimsky KorsacoiT, narrow, cj'ooked, and fiftj4bur miles 
long; or like the northern Mai diva atolls, made up of 
numerous ring-formed reefs, placed on the margin of a 
disk,— one of whicli disks is eighty-eight miles in 
length, and only from ten to twenty in breadth ? A 
further difBculty on this theory of the origin of atolls 
arises from the necessar}^ assumption of so large a 
number of immense craters crowded together beneath 
the seiL, But, as we shall presently see, a greater diffi- 
culty is involved, namely, that all these craters must 
lie within nearly the same level beneath the sea. 
Nevertheless, if the rim of a crater afforded a basis 
at the proper depth, I am far from denying that a 
reef like a perfectly characterized atoll might not be 
formed on it. Some sneb, perhaps, now exist; but 
it is incredible that the greater number could have 
thus originated. 

An earlier and better theory was proposed by 
Chamisso he supposes that as the more massive kinds 
of corals prefer the surf, the outer portions of a reef will 
first reach the surface and consequently form a ring, 

I remarked in the thii'd chapter that a reef, growing on 
a detached bank, would tend to assume an atoll-like 
structure ; if, therefore, corals were to grow up from a 
bank some fatlioms submerged in a deep sea, having 
steep sides and a level surface, a reef not to be dis- 
ting uisbed from an atoll might be formed; and I 

* Kotzebue’s First Voyage, loL iii, p. 831, 
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bolieve some ^iich exist io the West Indies. But on 
this view it must be assumed, tliat in every case the 
basis eoDsists of a flat bank; for if it were conically 
formed like a mountainous mass, we can see no reason 
why the corals should spring up from the flanks instead 
of frenn the centra! and highest parts. As the lagoons 
of atolls are sometimes even more than 40 fathoms 
deep, it must, also, he assumed on tiiis view, that at a 
deptli at which the waves do not break, the coral grows 
more vigorously on the edges of a bank than on its 
centra] part : and this is an assumption without any 
evidence. If we consider, moreover, the number of 
the atolls in the midst of the Pacific and Indian 
Oceans, this assumption of so many submerged banks 
is in itself very improbable, 

No theory worthy of notice has been advanced to 
account for those barrier- reefs which encircle islands 
of moderate dimensions. The great reef which fronts 
the coast of Australia has been supposed, but without 
any evidence, to rest on the edge of a submarine 
precipice parallel to the shore. The origin of the 
third class, or of fringing-reefs, presents, I believe, 
scarcely any difficulty, and arises simply from the polj- 
pifers growing in moderate depths, and not flourishing 
close to gently shelving beaches where the water is 
often turbid. 

What cause, then, has given to atolls and barrior- 
leefs their characteristic forms ? Let us see whether 
an important deduction does not follow from the 
following facts, ^ — first, that reef-building corals only 
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fioTirish at a very limited depth 5 — and secondly, that 
throughout areas of vast dimensions, none of the 
coral-reefs and coral-islets rise to a greater height 
above the level of the sea than that attained by matter 
thrown up by the waves and wimls. I do not make 
this latter statement vaguely ; I have carefully sought 
for descriptions of every island in the inter-tropical 
seas ; and my task has been in some degree facili- 
tated by a map of the Pacific, corrected in 1834 by 
MM* D’Urville and Lottin, in which the low islands 
are distinguislied from the high ones (even from those 
much less than a hundred feet in height) by being 
written witliout a capital letter*' I have also ascer- 
tained, chiefly from the writing's of Cook, Kotzebue, 
Pelhnghatisen, Duperrey, Beechey, and Lutke regard- 
ing the Pacific; and from Moresby ^ with respect to the 
Indian Ocean, that in the following cases the term 
^ low island ' strictly means land of the height com- 
monly attained by matter thrown up by the winds 
and the waves of an open sea* If we draw a line 
joining the external atolls of that part of the Low 

' I have detected a few errors in this map, rospeeting tlio heights of 
soma of tlia islands, whioh will be notieed m the Appendix, where I 
treat of ooi'al'forraatioTis in geographical order* To tho Appendix, also, 
I mnet refer for a more particuhir aoeount of the datib on which the 
following stEitementa are grounded. 

® Sco also Captain Owen's and Lieut. Wood^s papera in tlie Geogra- 
phical Journal, on the hfaldiva and Jjaccadiye Archipehigoes. These 
officers particnLarlj refer U> the lownoss of the islets ; but I chiefly 
ground loy assertion respecting these two groups, and the Chagos 
group, from information communicated to me by Captain Alorcsby. 
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Archipelago in which the island^s are numerous— the 
plan always adapted — the figure will he a pointed 
ellipse (reaching from Hood to Lazai-ef Isknd)^ of 
which the longer axis is 840 geographical miles, and 
the shorter 420mflee: in this space,^ none of the 
innumerable islets, united into great rings, rise above 
the stated level. The Gilbert group is vciy narrow, 
and 300 miles in length- In a prolonged line from 
this group, at the distance of 240 miles, is the 
Marshall archipelago, the figure of wdiich is an 
irregular square, one end being broader than the 
other; its length is 520 miles with an average width 
of 240: these two groups together are 1,040 miles in 
length, and all their islets are low^ Between the 
southern end of the Gilbert and the northern end of 
Low Archipelago, the ocean is thinly strewed with 
islands, all of which, as far as I have been able to 
ascertain, are low : so that from nearly the southern 
end of the Low Archipelago to the northern end of 
the Jlarshall Archiptdago, there is a narrow hand of 
ocean more than 4,000 miles in length, containing a 
vast number of islands, all of which are low. In the 
Western part of the Caroline Archipelago, there is a 
space of 480 miles in length, and about 1 00 in breadth, 

* Mctici or Aurora Inland has boon upjfatficscl ; but it lies N.E. of 
Tahicb ^tid in the inup appended tu thiB volume is doso without 
the line bouudatig the space here referred lo» I ehall have occasioa 
hercafloT to make some mmArkfi on the eupposod slight olevatioii (of 
about three feet) of the atolls of tho Low Archipelago, subsequonlly to 
their original formation. 
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thiDly interspersed with low islands. Lastly^ in the 
Indian Ocean, the archipelago of the Maldivas is 470 
miles in lengthy and 60 in hreadtli ; that of tine Lac- 
cadives is 150 by 100 miles: as there is a low island 
between these two groups, they may be considered as 
one group of a thousand miles in length. To this 
may be added the Cliagos group of low islands, 
situated 280 miles distant, in a line prolonged from 
the Bontbeni extremity of the Maldivas. This gi’oiip, 
including the submerged banks, is 170 miles in length 
and 80 in breath, kiio striking is the uniformity in 
directioii of these three aiehipelagoes, all the islands 
of which are low, that Captain Moresby, in one of his 
papers, speaks of them as parts of one great chain 
nearly 1,500 miles long. T am, then, fully jnstiiiecl 
in repeating that immense spaces both in the 
Pacific and Indian Oceans, are interspersed with 
islands, of whicli none rise above the height to which 
the waves and winds in an open sea can heap up 
matter* 

On what tbimdations, then, have these reefs and 
islets of coral been constructed ? A fouTidation must 
originally have been present beneath each atoll, at 
that limited depth whicli is indispensable for the 
first growth of the reeLbuilding polypifers. A con^ 
jecture will perhaps be hazarded, that the requisite 
bases may have been afforded by the accumnlatlon of 
great banks of sediment, which did not quite reach 
the surface owing to the action of superficial currents, 
aided possibly by the undulatory movement of the 
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sea* Tliis appears actually to Imve been the case in 
some parts of the West Indian Sea. But in the form 
and disposition of the groups of atolls, there is nothing 
to coimtenanee this notion j and the assumption that 
u miruber of immense piles of sediment have been 
heapeil on the floor of the great Pacific and Indian 
Oceans in their central parts, far remote from land, 
where the dark blue colour of the limpid water 
bespeaks its purity, cannot for one moment be 
admitted. 

The many widely scattered atolls must, therefore, 
rest on rocky l>ases. But we cannot- believe that a 
broad mountain summit lies buried at the depth of 
a few- fathoms beneath every atoll, and nev'ertheless 
that throughout the immense areas above-named, not 
one point of rock projects above the level of the sea. 
For we may judge of mountains beneath the sea by 
those on the land j and where can we find a single 
chain, much less several such chains, many himdred 
■miles in length and of considerable breadth, with 
broad summits attaining the same benight, from within 
120 to 180 feet ? Even if it be assumed without any 
evidence that the reef-building corals can flourish at a 
depth of 100 fathoms, yet the weight of the above 
argument is but little diminished ; for it is very im- 
probable, that as many submarine mountains, as there 
are low islands in the several gre^t and widcly-sepai‘ated 
areas above-8peciti(?d, shouhl all rise wutliin 600 feet of 
tlie surface of the sea and not one above it, as timt they 
should be of the same height within the smaller limit 
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of one or two hundred feet, 8o highly improbable is 
this supposition, that we are compelled to believe, that 
the rocky foundations of the many atolls did never at 
any one period ail lie submerged within the depth of a 
few fathoms beneath the sirrface, but that they were 
brought into the requisite position or level, some at one 
period and some at another, through movements in the 
earth’s crust. But this could not have been effected 
by elevation ; for the belief that points so oiunerous and 
so widely-separated were successively uplifted to a cer- 
tain level, but that not one point was raised above that 
level, is quite as improbable as the former supposition, 
anti indeed differs little from it. It will probably occur 
to those who have read Khrenb erg’s account of the reefs 
of the Red Sea, that many points in tliese great areas 
may have been elevated, but that as soon as raised, the 
protuberant parts were cut off by the destroying action 
of the waves : a moment’s reflection, ho^^ ever, on the 
basin-like form of the atolls, will show that this is 
impossible ; for the upheaval and subsequent abrasion 
of an island would leave a flat disk, wdiich might become 
coated with coral, but not a deeply concave surface ; 
moreover, we should expect to see, at least in some 
parts, the rock of the foundation brought to the surface. 
If, then, the foundations of the many atolls were not 
uplifted into the requisite position, they must of neces- 
sity have subsided into it ; and this at once solves every 
difficulty,' for wo may safely infer fj*om the facts given 

^ Th^ addltiona-l difficulty on the eratcr hypothosis before alluded to, 
Trill now be Qvidaiit; for on this viev^*' the volcanic action mcLst be sup- 
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in the Iasi chapter, that during a gradual subsidence 
the corals would be tlivourably cireiirastanccd for build- 
ing up their solid frame works and reacliing the surface^ 
as island after island slowly disappeared. Thus areas 
of immense extent in the central and most profound 
part^? of the great oceans might become interspersed 
with coral-islets, none of which would rise to a greater 
height than that attained by detritus heaped up by the 
sea, and neverthelesa they might all have been formed 
by corals, which absolutely require for their growth a 
solid foundation within a few fathoms of the surface, 

It would be out of place here to do more than 
allude to the many facts, showing that the supposition 
of a gradual subsidence over large areas is by no means 
improbable- have the clearest proof that a move- 
ment of this kind is possible, in the upright trees 

po8^l to Imve formed within the areas specified a vast number of 
Cfuters, nil rising within a few fathoms of the surface, aud not one 
ftbovo it. Tho supposition that the craters were &t <liflbrent times up- 
luistjd abore the surface, and were there abiadod by the sTirf and sub- 
eequenUy cmtjod by coral®, is subjected to ncfirly tlie siimo objections 
with those given at the bottom of the last page ; but I consider it 
stipcrfluons to deUsil all tho arguments opposed to find* a notion. Cha- - 
misf*o^® theory, from asHumtiig the eatistence of so many banks, aU lying 
at the proper depth beneath the water, is also vitally defective. The 
same observation applies to an hypothesis of Lieut. Nelson's (Geolug. 
Trans, voL v» p. VZ2), who suppose* that the ring- formed strnciure is 
causcil by a greater number of germs of coral® becoming attached to 
the declivity, than to the central plateau of a eubmarine bank; it like- 
wise applies to tho notion formerly entertaiowl (Forster'® Observ. p. 
151), that lagoon-islands owe tbeir peculiar form to the iustiuctivo ten- 
dendes of the polypifers. According to this latter view, the coral® on 
the outer margin of the reef insiiuctirely oppese tliempolvos to the surf 
in order to aflbrtl pretoction to corals living in the lagoon which belong 
to other genera and to otbor families E 



The Complete Work of Charles Darwin Online 



126 



fnKOKY OF THK FORMATION 



Cm, V, 



buried under strata many thousand feet in thickness ; 
we have also every reason for believing that there are 
now large areas gradually sinking, in the same manner 
as others are rising* And when we consider how many 
parts of the surface of the globe have been elevated 
within recent geological periods, we must admit that 
there have been subsidences on a corresponding scale, 
for otherwise the wliole glol)e would have swollen. It 
is very remarkable that Sir C. Lyell,' even in the first 
edition of his Principles of Geology, inferred that the 
amoiint of subsidence in the X^aeific must have exceeded 
that of elevation, from the area of land being very 
small relatively to the agents there tending to form it, 
namely, the growth of coral and volcanic action. Hut, 
although subsidence may explain a phenomenon otlieii- 
wisc inexplicable, it may be asked, are there any direct 
proofs of a subsiding mo%"cment in these are^s? This, 
however, ettn hardly be expected, for it must ever be 
most difficult, excepting in countries long civilized, to 
detect a movement the tendency of which is to conceal 
the part affected. In l>arbarous and semi-civilized 
nations how long might not a slow movement, even of 
elevation such as that now affecting Scandinavia, have 
esciiped attention ! 

Mr, Williams^ insists strongly that the traditions of 
the natives, which he has taken much pains in collect- 
ing, do not indicate the appearance of any new islands: 
but on the tlieory of a gradual subsidence, all that would 

' Principles of Geolo^^, elMh edition. toI. iii. p. B86. 

^ \VilUams*s NamdTo of Missionarj Enterprise, p. 31. 
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be apparent would l>e, the water sometimes encroaching 
slowly OD the laiid» and the land again recovering by 
the accnmiilatiou of detritus its former extent^ and 
perhaps sometiTnes the conversion of an atoll wi th coml 
islets on it, into a bare or into a sunken annular reef. 
Such clmnges would naturally take place at the periods 
when the sea rose above its usual limits during a gale 
of more than ordinary strength^ and the effects of the 
two causes would be hardly distinguishablep In Kotze- 
bue’s Voyage there are accounts of islands, both in the 
Caroline and Marshall Archipelagoes, which have been 
partly washed a%vay during Imrricanes ; and Kadu, the 
native who was on board one of the Russian vessels, 
sai<l ‘ he saw the sea at Radaek rise to the feet of the 
cocoa-nut trees ; but it was conjured in time/' A storm 
lately entirely swept away two of tha Caroline Islaiitls 
and converted them into shoals ; it also partly destroyed 
two other islandH,® According to a tradition which was 
communicated to Captain FitzRoy, it is believed in the 
Low Archipelago, that the arrival of the first ship eatiscd 
a great inundation which destroyed many lives. Mr, 
Stutchbiiry relates that in 1825, the western side of 
Chain Atoll in the same group, was completely dc- 
vastat<td by a liurriciine, and not less than 300 lives 
lost: ^in this instance it was evident, even to the 
natives, that the btui’ieaiie alone was not sufficient to 
account for the violent agitation of the ocean,’ ® That 

' Korzeb«fr» First Vo^igiOp vqL iii. p. 16 S. 

* AI. Dpsmoultii^ in Compter 13 to, p. ddj. 

* Weiit of En^ibmd Journal, No, I, p, So, 
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considerable changes have taken place recently in some 
of the atolls in the Low Archipelago, appears certain 
from the case of Matilda Island given in the last chapter. 
With respect to Whitsunday and Oloncester Islands in 
this same group, we must cither attribute great inac- 
curacy to tlieir discoverer, the famous circumnavigator 
Wallis, or believe that they have un<icrgone a consider- 
able change in the period of fifty-nine years between his 
voyage and that of Captain Beeoheya. Whitsunday 
Island is described by Wallis as ^ about four Tnilea long, 
and three wide/ now it is only one mile and a-half 
long. The appearance of Gloucester Island, in Captain 
Becchey’s words/ ^ has been accurately described by its 
discoverer, but its presont form and extent differ mate- 
rially,’ Blenheim reef in the Chagos gioup, consists of a 
water-waslied annular reef thirteen miles in circumfer- 
ence, surrounding a lagoon ten fathoms deep ; on its sur- 
face there are a few worn patches of conglomerate coral- 
rock of about the size of hovels ; and these Captain 
^loresby considers as being, without doulit, the last 
remnants of islets ; so that here an atoll has been con- 
verted into an atoll-formcd reef. The inhabitants of 
the Maldiva Archipelago, as long ago as 1605, declared, 
‘ that the high tides and violent currents were always 
diminishing the number of the islands : ’ ^ and I have 
already shown, on the authority of Captain Moresby, that 

» Tkcchey'fl Voyage to tho PrtciRe, chap* vVu, and Walli»-a Vojivgo in 
the chap, iv. 

* See an extract from P^-rard’» Voj'age in Captain OwenV paper on 
the Maldiva ^Aichipelago, in the Geographical Journal, vol, ii. p. 84. 
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the work of destruction is still in progress ; but that on 
the other hand the first formation of some islets is 
kno\\TnL to the present inhabitants. In such cases, it 
would be exceedingly difficult to detect a gradual sub- 
sidence of the foundation on which these mutable 
structures rest. 

Some of the archipelagoes of low coral-islands are 
subject to earthquakes ; Captain Moresby informs me 
that they are frequents though not very strong, iu the 
Chagos group, which occupies a central position in the 
Indian Ocean, and is far from any land not of coral 
formation- One of the islands in this group was 
formerly covered by a bed of mould, which disap- 
peared after an eartliquake, and was believed by the 
residents to have been washed by the rain into the 
underlying fractured rock : the island was thus ren- 
dered unproductive- Chamisso^ states that earth- 
quakes are felt in the Marshall atolls, which are far 
from any high land, and likewise in the islands of 
the Caroline Archipelago. On Oullcay atoll one of 
the latter, Admiral Lutke informs me that he ob- 
served several straight fissures aljout a foot in width, 
running for some hundred yards obliquely across the 
whole width of the reef. Fissures indicate a stretching 
of the earth^s crust, and, therefore, probably changes 
in its level ; but these coral-islands, which have been 
shaken and fissured, certainly have not been elevated, 
and, therefore, probably have subsided. We shall 

* Seo CliftmissO) in KoUscluo’s Fii'st Vojage^ yoL iii. p. 1S2 and 136, 

K 
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hereafter see that the position of certain ancient build- 
ings in the Caroline Arcliipelago clearly indicates recent 
subsidence. In the chapter on Keeling atollj I have 
also attempted to show by direct evidence, that the 
island subsided during the earthquakes lately felt there* 

The facts then stand as follows i — there arc many 
large spaces of ocean without any high land, inter- 
spersed with reefs and islets formed by the growth 
of those kinds of coral which cannot live at great 
depths; and the existence of these reefs and low 
islets in such numbers and at such distant points, 
is inexplicable, excepting on the theory that their 
rocky bases slowly and successively sank beneath the 
level of the sea, whilst the corals continued to grow 
upwards. No positive facts are opposed to this view, 
and some direct evidence, as well as general considera^ 
tions, render it probable. There is also evidence of 
change in form, whether or not from subsidence, on 
some of these coral-islands ; and there is evidence of 
subterranean disturbances beneath them, Will then 
the theory, to which wc have thus been led, solve the 
curious problem, — wliat has given to each class of reef 
its peculiar form ? 

Let us in imagination place within a subsiding area, 
an island siiiTonnded by a * fringing-reef ’ — that kind 
of which the origiii alone offers no difficulty. Let the 
unbroken lines in the woodcut (No* 5) represent a 
vertical section tliroiigli the land and water ; and the 
horizontal shading a section through the reef. Now, as 
the island sinks down, cither a few feci at a time or quite 
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insensibly, we may infer from what we know of the 
conditions favourable to tlie ^owth of coral, that the 
living masses bathed by the surf on the margin of the 
reef, will soon regain the surface. The water, howe^'cr, 
will encroach little by little on the shore, the island 
becoming lower and smaller, and the space between the 
edge of the reef and the beach proportionally broader. 







A A — Oiater edge of the reef at tho level of Ihe sea. 

B B — Shores of the Island. 

A' A' — Outer edge of the reef, after its upward growth during a poriocl 
of sitbsideacep 

C C— 'The lugoon-ehaDuel between the reef and the shores of the now 
encircled land. 

B'— The shores of the eDcirclcd island. 

KB. In this, and the following woodcut, the suhsidenee of tho hind 
could oulj^ be represented by nu apparent rise in the lerel of the se^i. 



A section of the reef and island in this state, after a 
subsidence of several hundred feet, is given by the 
dotted lines : coral-islcts are supposed to have been 
formed on the new reef, and a ship is anchored in 
the lagoonH^banneh This section is in every respect 
that of an encircling barrier-reef, and is, in fact, 

it2 
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taken E, and AV, through the highest point of the 
encircled island of Bolabola,' of which a plan is given 
in Plate I- fig. 5, The same section is more clearly 
shown in the following woodcut (No. 6) by the un- 
broken lines* The width of the reef and its slope 
both on the outer and inner side, will have been 
determined by the growing powers of the coral^ under 
different conditions, for instance, of the force of the 
breakers and currents to which it has been exposed ; 
and the lagoon-channel will be deeper or shallower, in 
proportion to the growth of the delicately branched 
corals within the reef, and to the accumulation of 
sediment ; relatively, also, to the rate of subsidence and 
the length of the intervening stationary periods* 

It is evident in this section, that a line drawn per- 
pendicularly down from the outer edge of the new reef 
to the foundation of solid rock, exceeds, by as many 
feet as there have been feet of subsidence, that small 
limit of depth at which the effective polypifere can 
live, — the corals having grown up, as the whole sank 
down, from a basis formed of other corals and their con- 
solidated fragments* Thus the diflBculty on this head, 
which before seemed so great, disappears* 

As the space between the reef and the subsiding 
shore continued to increiise in breadth and depth, and 
as the injurious effects of the sediment and fresh water 

^ Tlio section Ims been made from the chart given in the Atlaa of tho 
Voyage of the CaqnSU. The ecalo ie *57 of an inch to a mile, Tlio 
height of the island, according lo M, 3>sson, ie 4,026 fecL The deepes t 
part of the lagoon-chan nol is 1$2 feet; ita depth is exaggerated in the 
voodcut for the sahe of clearness. 
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borne down from tlie land were consequently lessened, 
the greater number of the channels with which the reef 
in its fringing state must have been breached, especially 
those which fronted the smaller streams, will have 
become choked up by the growth of coral: on the wind- 
ward side of the reef where the coral grows most 
vigorously, the breaches will probably have first been 
closed. In barrier-reefs, therefore, the breaches kept 
open by draining the tidal waters of the lagoon-channel, 
will generally be placed on the leeward side, and they 
will still face the mouths of the larger streams, although 
removed beyond the influence of their sediment and 
fresb-water ; — and this, it has been shown, is commonly 
the case. 

Keferring to the following diagram, in which tlie 




Ko, e. 



A' A' — Out or edgea of tho burior-reof at tTis level of the saa. The 
coaoa-mit trecif represeat tonH ieleta formed on the reef, 

C C-“Tho lagoon cbnnnel* 

B' — The chorea of tho ishtnd, genetiiUy formed of lo^v alluvial land 
and of coral detritus from tho lagoon -channeL 
A" A'^ — The outer edges of the reef now forming an atoll. 

The lagoon of the newly-formed aloU, AooordiDg to the scale, tho 
depth of the lagoon and of the lagoon channel ia 
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nowly-formed barrier-reef is represented bj unbroken 
lines, instead of by dots as in the former woodcut, let 
the work of subsidence go on, and the doubly-poiotcd 
hill will form two small islands included within one 
annular reef- Let the island continue to subside, and 
the coral-reef will continue growing up on its own 
foundation, whilst the water gains inch by inch on the 
land, until the last and highest pinnacle is covered, and 
there remains a perfect atolL A vertical section of this 
atoll is shown in the woodcut by the dotted lines;— a 
ship is anchored in its lagoon, but islets arc not supposed 
yet to have been formed on the reef. The depth of the 
lagoon and the wicltli and slope of the reef, will depend 
on the different circumstances to which it has been 
exposed, as just stated with respect to barrier-reefs* 
Any further subsidence will produce no change in the 
atoll, except a diminution in its size, from the reef not 
growing vertically upwards, I may here observe, that 
a bank cither of rock or of hardened sediment, level 
with the surface of the sea and fringed with living 
coral, would be immediately converted by subsidence 
into an atoll, without passing, as in the case of a reef 
fringing the shore of an island, through the inter- 
mediate form of a barrier-recL As before remarked, if 
such a bank lay a few fathoms submerged, the simple 
growth of the coral, without the aid of subsidence, would 
produce a structure scarcely to be distinguished from a 
true atoll ; for the corals on the outer margin, from being 
freely exposed to the open sea, would grow vigorously 
and tend to form a continuous ring, whilst the growth 
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of the less maseive kinds on the central expanse, would 
be checked by the sediment formed there, and by that 
washed inwards by the breakers ; and as the space be- 
came shallower, their growth would also be checked by 
the impurities of the water, and probably by the small 
amoimt of food bronglit to them by the enfeebled cur- 
rents. The subsidence of a reef based on a bank of this 
kind, would give depth to the central expanse or lagoon, 
steepness to the flanks, and tlirough the free gro%vth of 
the coral, symmetry to the whole outline ; but, as we 
have seen, the larger groups of atolls in the Pacific and 
Indian Oceans cannot havo been formed on banks of 
this nature^ 

If, instead of an island, as in the diagram, the shore 
of a continent fringed by a reef were to subside, a great 
barrier-reef like that on the N*E. coast of Australia, 
would be the necessary result; and it would be separated 
from the main land by a deep-water channel, broad in 
proportion to the amount of subsidence, and to the less 
or greater inclination of the bed of the sea. The effect 
of the continued subsidence of a barrier -reef, and its 
probable conversion into a chain of separate atolls, will 
be considered when we discuss the progressive dissever- 
ment of the larger Maldiva atolls. 

We now are able to perceive that the close similarity 
in form, dimensions, structure, and relative position 
between fringing and encircling barrier-reefs, and be- 
tween these latter reefs and atolls, is the necessary result 
of the transformation, during subsidence, of the one 
class into the other. On this ^dew, the three classes of 
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TGch ought to graduate into each other* Eeefs having 
an intermediate character between those of the fring- 
ing and barrier classes do exist; for instance, on the 
S.W* coast of Madagascar, a reef extends for several 
miles, witliin which there is a broad channel from 
7 to 8 fathoms deep, but the sea does not deepen 
abruptly outside the reef* Such cases, however, are 
open to doubt, for an old fringing-reef which had 
extended itself on a basis of its own formation, would 
hardly be distinguishable from a barrier-reef produced 
by a small amount of subsidence, and with its lagoon- 
channel nearly filled up with sediment dmdng a long 
stationary period* Between banier-reefs, encircling 
cither a single lofty island or several small low ones, 
and atolls including a mere expanse of water, a striking 
series can be shown ; and in proof of this, I need only 
refer to Plate I*, which speaks more plainly to the eye, 
than any description to the ear. The authorities from 
which the figures have been copied, together with some 
remarks on them, axe given on a separate page descrip- 
tive of the plate* At New Caledonia (Plato II- fig- o) 
the barrier-reefs extend for 150 miles on each side of 
the submarine prolongation of the island ; and at the 
northern extremity these reefs appear broken up and 
converted into a vast atoll supporting a few low coral- 
islets* We may imagine that we see in New Caledonia 
the effects of subsidence actually in progress,— the 
water always encroaching on tlie northern end of the 
island, towards which the mountains slope down, and 
the reefs steadily building up their massive fabrics in 
the line of their ancient growtli. 
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We have as jet only considered barrier-reefs and 
atolls in their simplest form ^ but there remain some 
peculiarities in structme and some special eases, which 
were described in the two first chapters, to be ac counted 
for by onr theory* These consist, firstly, in the presence 
of an inclined ledge terminated by a wall, and some- 
times succeeded by a second ledge with a wall, ronnd 
the shores of certain lagoons and lagoon-channels ; for 
this structure cannot he explained by the mere growth 
of the corals secondly, in the ring or bason-like form 
of the central and circumferential reefs of tlie northern 
Maldiva atolls, — thirdly, in the disseverment of some 
of the Maldiva atolls, — fourthly, in the existence of 
irregularly formed atolls, some tied together by linear 
reefs, anti others with spurs projecting from them,- — ^ 
fifthly, in the submerged condition of the Tvhole, or of 
parts of certain barrier and atoll-formed reefs, and in 
the submerged parts being generally to leeward,— 
and, lastly, in the strncture and origin of the Great 
Cliagos bank, 

Stejp-foinned ledger round certain lagoons.— If we 
suppose an at oil to subside at an extremely slow rate, 
the living corals would grow up on the outer margin 
and on the deeper parts of the bare and hard surface 
of the annular reef- Detritus w^ould soon accumulate 
and become agglomerated on this surface, after a time 
forming islets. Consequently the whole atoll before long 
would recover its former structure and appearance* If, 
Inowever, an atoll were to subside somewhat suddenly to 
the depth of a few fathoms, the w^hole annular reef, 
consisting of solid rock, would constitute an excellent 
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basis for the attachment and subsequent upward growth 
of a great bed of living corals. But the corals would 
not be able to grow up from the sandy shores of the old 
lagoon; consequently the new annular reef would be 
separated from the new lagoon by an abrupt edge or walL 
As the corals would grow upwards much more vigorously 
on the outer side, and more detritus would be accumu- 
lated there, the surface of the new annular reef would 
slope gently inwards* Hence the summit of the new 
annular reef on the inner side would probably never 
rise above the level of the new lagoon, and in this case 
would be covered with sand* If now a second and 
somewhat sudden subsidence were to occur, the same 
results would follow as during the previous and similar 
subsiding movement* Consequently the new lagoon 
would be surrounded by two inwardly sloping ledges, 
which once existed as the summits of two successive 
annular reefs, both terminated on the inner side by 
vertical walls or cliffsd 

The ring or hamn-^formed reefs of the wyndhern 
Maldwa atolls , — I must first observe that small reefs 
within large lagoons or within broad lagoon-channels, 
would grow up during subsidence ; and therefore such 

^ According to Mr. Coutliony (p. 26) tho €xter^ial elope round many 
atolle descends by a succcssiori of ledges or terraces. He attempts, hut 
I dou'bt whetlier successfully, to explain this structure somc'w'hat in the 
same manner as I haye attempted, with respect to the internal ledges 
round the lagoons of certain atolls, More facts are wanted regarding 
the nature both of the interior and exterior step -like ledges. Are aU 
the ledges, or only the npper ones, covered with living coral ? If they 
are all so covered, do the speeies differ on the different ledges ? Do 
ledges oeeur on the inside and outside round the same atolls? &c. 
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reefs would somotimcs be found risirtg" abruptly from 
a greater depth thaii that at w^hich the efficient poly- 
pifcrg can flourish. 'We see this well exemplified in 
the small abruptly-sided reefs with wffiich the deep 
lagoons of the Chagos and Southern Maldiva atolls are 
studded. With respect to the ring or bason-formed reefs 
of the Northern Maldiva atolls (sec Plate II. fig. 4), 
it is evident from the perfectlj^ contimious series which 
exists, that the rings on the margin, although broader 
than the exterior or bounding reef of an ordinary atoll, 
are only modified portions of such a reef; it is also 
evident that tl>e central rings, although broader than 
the knolls or reefs which commonly occur within 
lagoons, occupy the same relative position. The ring- 
like structure has been shown to be contingent on 
tlie breaches into the lagoon being wide and numerous, 
thus causing the inner side of the marginal reef and 
the central reefs to be placed under nearly the same 
conditions with the outside of an ordinary atoll which 
is exposed to the open sea. Hence the margins of these 
reefs have been favourably circumstanced for growing 
outwards and increasing beyond their usual breadth ; 
and the conditions have likewise been favourable for 
their growing vigorously up^vards, during that subsiding’ 
movement to which by our theory i;he whole ar chi- 
pel agm has been subjected; and subsidence together 
with the upwuird growth of the margin would convert 
the central space of each little reef into a small 
lagoon. This, liowever, could only take place with 
reefs which had increased in breadth sufficiently to 
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prevent their central spaces from being almost imme- 
diately filled up with the sand and detritus driven 
inwards by the waves from all sides, \Ve can thus 
understand how it is that few reefs less than half 
a mile in diameter, even in the atolls where perfect 
ring-formed reefs are found, include lagoons. This 
remark, I may acltl, applies to all coral-formations. 
The bason-formed reefs of the Maldiva Archipelago 
may, in fact, be briefly described as small atolls 
formed during subsidence over separate portions of a 
large and broken atoU, in the same manner as the 
latter was originally formed over a reef encircling one 
or more mountainous islands. 

The disseverment of the largor Maldiva atoUs . — 
The apparent progressive dissevemient of large atolls 
into smaller ones in the Maldiva Archipelago, de- 
mands an e;s:planation. The graduated series which 
marks, as I believe, this process, can be observed only in 
tlie northern half of the group, where the atolls have 
imperfect margins consisting of detached bason-formed 
reefs. The currents of the sea flow across these atolls 
with considerable force, as I am informed by Captain 
Moresb}^, and drift the sediment fiom side to side 
during the monsoons, transporting much of it seaward ; 
yet the currents sweep with greater force round their 
flanks. It is historically known that these atolls have 
long ezisted in their present state ; it is intelligible 
that they might thus remain, even during a slow sub- 
sidence, owing to the continued growth of the corals, 
and to the lagoon being kept at nearly its original depth 
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by the aceumuktion of sediinent* Eut daring the 
action of such nicely balanced forees, it would be strange 
if the currents of the sea had never made a direct 
passage across some of tliese atolls, through the many 
wide breaches in their margins. As soon as this occurred 
the channels would be deepened by the removal of the 
finer sediment, and by the check to ‘its further accumu- 
lation. The sides also of the channels would soon be 
worn into a slope like that on the outer coasts, from 
being exposed to the same force of the currents- In 
fact, a channel like that bifurcating one which divides 
Mablos MalKloo (Plate II* fig* 4) would almost neces- 
sarily be formed- Tire scattered reefs situated near the 
borders of the new channel, from being favourably 
placed for the growth of coral, would, by their exten- 
sion, tend to produce fresh margins to the dissevered 
portions : and a tendency of this kind is evident in the 
elongated reefs which border the two channels inter- 
secting Mahlos Mahdoo, Such channels would become 
deeper with continued subsidence, and, from the reefs 
on both sides not growing up perpendicularly, some- 
what broader- In this case, and more especially if the 
ch annuls had been originally formed of considerable 
breadth, the dissevered portions would soon become per- 
fect and distinct atolls like Ari and Eoss atolls (Plate II- 
fig, 6), or like the two Nillandoo atolls, which mnst be 
considered as distinct, although plainly related to each 
other in form and position, and separated only by mode- 
rately deep channels- Further subsidence would render 
such channels unfathomable, and the dissevered portions 
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would then resemble Phaleedoo and Mokiqiie atolls, or 
Mahlos Mahdoo and Horsburgh atolls (Plate II, fig. 4), 
which are related to each other only in proximity and 
position- Hence, on the theory of subsidence, the dis- 
severment of large atolls which are exposed to strong 
currents and which have imperfect margins, (for other- 
■wise their disse Vermont would he scarcely possible), is 
fiir from being an improbable event ; and the several 
stages, from a close connection to the entire isolation 
of some of the atolls in the Maldiva Archipelago, are 
readily explicable- 

It is even probable that the Maldiva Archipelago 
originally existed as a barrier-reef of nearly the same 
dimensions as that of Hew Caledonia (Plato II. fig- 5 } : 
for if wo complete in imagination the subsidence of 
this great island, we may infer from tho broken condi- 
tion of the northern portion of the reef, and from the 
almost entire absence of reefs on the eastern coast, that 
the present barrier, after repeated subsidences, would 
become, during its subsequent upward growth, separated 
into distinct portions ; and these portions would tend 
to assume an. atoll-like structure, owing to the corals 
growdng with vigour where freely exposed to the open sca- 
As some large islands have subsided to a certain amount 
and are partly encircled by barrier-reefs, so our theory 
makes it probable that there should be other largo 
islands wholly submerged ; and these, as w^e can now see, 
would be surmounted, not by one enormous atoll, hut 
by several large ones like the atolls of the Maldiva 
group; and these again, during long periods of suh- 
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sidenccj would sometimes become dissevered into 
smaller ones. In the ^larshall and Caroline Archipela- 
goes, there are atolls standing close together which 
have an evident relationship in form ; and we may sup- 
pose that either two or more encircled islands originally 
stood close together and afforded bases for two or more 
atolls, or that ono large atoll has been dissevered. But 
from the position as well as the forms of three atolls 
in the Caroline Archipelago (the NamoiuTek and Elato 
groups), which are placed in an irregular circle, I am 
strongly inclined to believe that they owe their origin 
to the disseverment of a single large atolld 

Atolls ^ — In the Marshall group,. 
JIusquillo atoll consists of two loops united by a siuglo 
point ; and Menehicoff atoll is formed of three loops,, 
two of which (as may be seen in fig. 3, Plate II,) are 
connected by a mere ribbon-shaped reef ; the three 
together being 60 miles in length. In the Gilbert group 
some of the atolls have narrow reefs like spiurs, project- 
ing from them. Linear and straight, or cresccnt^formcd 
reefs with their extremities more or less curled in- 
wards, may sometimes be found standing by themselves 
in the open ocean. All these irregular forms would 

* The same remark is, perhaps, applicable te tlie islands of Ollap, 
Fanadik, and Tamatam iu the Caroline Archipelago^ of which charts: 
are given in the atlas of Duperrey’s voyago ; a line drawn through the 
linear reefs and lagoons of these thrae islands form a eemidrde.. 
Consult also the atlas of Lutk^’s voyage * and for the Marshall group 
that of Kotzebue ; for the Gilbert group (which is referred to in tho 
ensuing page) eonstilt the atlas of Duperroy^s voyage. Most of tho 
points hero referred tO may, howerorj he scon in Krusensteru's general 
AUas of the Pacilic. 
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naturally follow from continued subsidences combined 
with the upward growth of reefs fronting one side alone 
of a high islands ^he reefs on the opposite side having 
perished or never having existed- 

Submerged and Dead Reefs , — In the second sec- 
tion of the first chapterj I have shown that there 
sometimes exist in the neighbourhood of atolls j deeply 
submerged banks with level surfaces; that there are 
others, less deeply but yet wholly submerged, having 
all the characters of a perfect atoll, but consisting 
merely of dead coral-rock ; that there are barrier-reefs 
and atolls with only a portion of the reef, generally 
on the leeward side, submerged ; and that such 
portions either retain their perfect outline, or appear 
to be more or less completely effaced, their former 
place being marked only by a bank, conforming in 
general outline with that part of the reef which remains 
perfect. These several cases are, I believe, intimately 
related, and can all be explained by the same agency of 
subsidence* 

We see that in those parts of the ocean where 
coral-reefs are most abundant, one island is fringed and 
another neighbouring one is not fringed, and tliat in 
the same arcliipelago, all the reefs are more perfect 
in one part than in another, — for instance, in the 
southern compare^l with the northern half of the 
Maldiva Archipelago, and likewise on the outer as 
compared with the inner coasts of the double row of 
atolls in this same archipelago. The existence of the 
innumerable polypifera forming a reef, depends on 
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their finding sustenance, and vre know that they are 
preyed on by other organic beings, and that some 
inorganic eaxoses are highly injurious to their growth. 
Can it, therefore, be expected that the reef-building 
polypifers should keep alive for perpetuity in any one 
place, during the round of change to which earth, 
air, and water are subjected ; and still less can this 
bo expected during progressive subsidence, to which 
by our theory these reefs and islands have been liable ? 
Should such subsidence be at any time greater than 
the rate of upward growth of the polypifers, the death 
of the reef must ensue, and it would have been strange 
had we found no evidence of this. It is, then, not 
at all improbable that the corals should sometimes 
perish either on the whole or on part of a reef. 
If only on a part, the dead portion, after a small 
amount of subsidence, would still retain its proper 
outline and position beneath the water. After a more 
prolonged subsidence, it would form, owing to the 
accumulation of sediment, a more or less level bank 
marking the limits of the former lagoon. Such dead 
portions of a reef would generally lie on the leeward 
side,' for the impure water and fine sediment are 

' Sir C< LyelL in tins first edition of his Prindples of Geology, offered 
a somewhat different explanation of this structure. He supposes that 
there has "been subsidence ; but he was not aware that the submerged 
portions of reef in most cases, if not in all, dead ; and he attributes 
tba differenee in height in the two sides of most atolls, chiefly to the 
accnmulation of detritus to windward than to leeward. Hut as 
matter is accumulated only on the backward part of the reef, tho front 

L 
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driven out from the lagoon over this side of the reef, 
where the force of the breakers is less than to wind- 
ward, and where tlie corals are, in consequence, less 
vigorous and less able to resist any destroying agency. 
It is owing to this same cause, that reefs are fre- 
quently breached to leeward by channels which serve 
as ship-channels. If the corals perished entirely, or 
on the greater part of the circumference of an atoll, 
the result would be an atoll-shaped bank of dead 
rock more or less entirely submerged; and further 
subsidence, together with the accumtdation of sedi- 
ment, would obliterate its atoll-like structure, and 
leave only a bank with a nearly level surface. 

We meet with all these cases in the Chagos group 
of atolls. Here within an area of 160 miles by 60, 
there are two atoll-formed banks of dead rock (besides 
another very imperfect one) entirely submerged ; a 
third bank with merely two or three small pieces of 
living reef which rise to the surface; and a fourth, 
namely, Per os Banhos (Plate I. 6g. 9), with a por- 
tion nine miles in length dead and submerged. As 
by our theory this area has subsided, aud as there is 
nothing improbable in the death of the corals on por- 
tions or over the whole surface of a reef, either from 

part -w'OTild remain of the same lieiglit on totJi sides. I may hero 
ot^^2^vc that in most cases (for instoiico at Perns Hiinhos, the Gambicr 
group and tlic Great Chagos bank), and I suspect in all oases, the dead 
and submerged portions do not blend or slope irrto the living and perfect 
parts, but are separated from them by an abrupt line. In some in- 
stances small patches of living reef mo to the stirfaco from the middle 
of the submerged and dead parts. 
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changes in the state of the surrounding sea or from the 
subsidence being great or sudden, these Chagos banks 
present no difficulty . So far, indeed, are any of the above- 
mentioned cases of dead submerged reefs from offering 
any difficulty, that their occurrence might have been 
anticipated on our theory ; and as fresh atolls are sup- 
posed to be in progressive formation by the subsidence 
of encircling barrier-reefs, a weighty objection might 
even have been raised, namely that atolls must increase 
indefinitely in number, unless proofe of their occasional 
destruction could have been adduced. 

The Gh^eat Chagos Bayih . — I have already shown 
that the submerged condition of the Great Chagos 
bank (Plate II. fig. 1, with its section, fig. 2) and of 
some other banks in the Chagos group, may in all pro- 
bability be attributed to the corals having perished 
during an unusually rapid or sudden subsidence. The 
external rira or upper ledge (shaded in the chart) con- 
sists of dead coral-rock thinly covered with sand; it 
lies at an average depth of between o and 8 fathoms, 
and perfectly resembles in foim the annular reef of ao 
atoll. The banks of the second level, the boundaries 
of which are marked by dotted lina^ in the chart, lie 
from about 15 to 20 fathoms beneath the surface ; 
they are several miles in breadth, and terminate in a 
very steep slope round the central esepanse. This 
central expanse consists of a level muddy flat between 
30 and 40 fathoms deep. The banks of the second 
level appear at first sight to resemble the internal step- 

I. 2 



The Complete Work of Charles Darwin Online 



148 



THEOHY OF THE FOHKATIOH 



Ch. V, 



like ledges of dead coral-rock which border the lagoons 
of certain atolls, but their much greater widths and 
their being formed of sand, are points of essential dif- 
ference, On the eastern side of the atoll some of the 
banks are linear and parallel, like islets in a great river, 
and they point directly towards a great breach on the 
opposite side of the atoll : these are best seen in the 
large published chart. I inferred from this circum- 
stance, that strong ciiiTents sometimes set directly 
across this great bank ; and I hear from Captain Moresby 
that this is the case. I observed, also, that the channels, 
or breaches througli the rim, were all of the same depth 
as the central expanse into which they lead ; whereas 
the channels into the other atolls of the Chagos group, 
and as I believe into most other large atolls, are not 
nearly as deep as the lagoons. For instance at Peros 
Banhos, the channels as well as the bottom of the lagoon 
for a space about a mile and a-half round its shores, are 
only between 10 and 20 fathoms in depth, whilst the 
central expanse is from 35 to 40 fathoms deep. Now, 
if an atoll during a gradual subsidence once became 
entirely submerged like the Great Chagos bank, and 
therefore no longer exposed to the surf, very little 
sediment could any longer be formed from it ; conse- 
quently the channels leading into the lagoon would bo 
no longer filled up mtb drifted sand and coral detritus, 
and would continue in creasing in depth, as the whole 
sank down. In this case we might expect that the 
currents of the open sea, instead of sweeping as at 
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first round the submarine flanks, would, as the many 
breaches in the reef increased, flow directly across 
the lagoon, thus removing the finer sediment from 
the channels, and preventing its further accmnulation. 
The submerged reef would thus ultimately consist of an 
upper and narrow broken rim of rock, surrounded on 
the inner side by banks, the remnants of the sandy 
bed of the old lagoon, now intersected by many deep 
channels j these channels, with their sides worn steep by 
the oceanic currents, imiting in the centre and forming 
the central deep expanse* By such means the Great 
Chagos bank — the most anomalous structure which I 
have met with — appears to have originated- 

If this bank should continue to subside, a mere 
wreck of an atoll would be left; for the corals are 
almost everywhere dead- Pitt’s bank, situated not far 
southward, appears to be in this actual condition : it 
consists of a moderately level, oblong bank of sand, 
lying from 10 to 20 fathoms beneath the surface, with 
two sides protected by a narrow ledge of rock submerged 
between 5 and 8 fathoms* A little to the south of this 
ledge, at about the same distance as the southern rim of 
the Great Chagos hank lies from the northern lim, there 
are tw^o other small hanks with from 10 to 20 fathoms 
on them; and not far eastward, soundings were struck 
on a sandy bottom wdth between 110 and 145 fathoms. 
The northern portion of Pitt’s bank with its ledge-like 
margin, thus closely resembles any one segment of the 
Great Chagos bank between two of the deep-water 
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channels, and the scattered banhs sonthward and east- 
ward appear to be the last WTeck of the less perfect 
portions of one great and now ruined atoll* 

I have examined with care tlie charts of the Indian 
and Pacific Oceans, and have now laid before the reader 
all the cases which I have met with, of reefs differing 
from the class to which they belong ; and I think it has 
been shown that they are all included in our theory, 
modified by occasional accidents, such as might have 
been anticipated* We have thus seen, that in the lapse 
of ages encircling harrier-reefs are converted into atolls, 

■ — the term atoll being applicable as soon as the last 
pinnacle of encircled land sinks beneath the surface of 
the sea* We have seen that large atolls, during the pro- 
gressive subsidence of the areas in which they stand, 
sometimes become dissevered into smaller ones. At other 
times, when the reef-building polypifers perisii, atolls 
are converted into atoll-formed banks of dead rock ; and 
these again, through further subsidence and the accu- 
midation of sediment, pass into level banks witli scarcely 
any distinguishing character. Thus may the history of an 
atoll he followed from its birth, through the occasional ac- 
cidents of its existence, to its death and final obliteration* 
Objeetions to our of the formation of Atolls 

and Bairrier^'eefs * — The vast amount of subsidence 
both in area and dcptli, necessary to have submerged 
every mountain, even the highest, throughont the 
immense spaces of ocean now interspersed with atolls, 
will probably strike most persons as a formidable objec- 
tion to the theory. But as continents, as large as the 
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spaces supposed to have subsided, have been raised 
above the level of the sea, — as whole regions are now 
rising, for instance, in Scandinavia and South America, 
— and as no reason can be assigned why subsidence 
should not have occurred in some parts of the earth’s 
crust on as great a scale as elevation, this objection has 
little force* The remarkable point is, that a subsiding 
movement to such an extent and amount should have 
taken place within a period, chmng which the corals 
have continued to add matter to the same reefs. An- 
other and less obvious objection to the theory may 
perhaps be advanced, namely, that, although atolls and 
barrier-reefs arc supposed to have gone on subsiding 
for a long" period, yet that their lagoons and lagoon- 
channels have only rarely come to exceed 40 and 
never 60 fathoms in depth. But if our theory is worth 
consideration, we already admit that the rate of sub- 
sidence has not ordinarily exceeded that of the upward 
growtli of the massive corals which live on the margins 
of tlie reefs, so that we have only further to suppose 
that the rate has never exceeded that at which lagoons 
and lagoon-channels are filled up by the growth of the 
delicate corals which live there, and by the accumula- 
tion of sediment. As the filling-up process, in the case 
of harrier-reefs lying far from the land, and of the larger 
atolls, must he an extremely slow one, we are led to 
conclude that the subsiding movement has always been 
equally slow. And this conclusion accords well with 
what is known of the rate of recent movements of 
elevation. 
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It has, I think, been shown in this chapter, that 
suhsidence explains both the normal striictnre and 
the less regular forms of those two great classes of 
reefs which have justly excited the astonishment of aU 
the naturalists who have sailed through the Pacific and 
Indian Oceans- The necessity, also, that a foundation 
should iiave existed at the proper depth for the growth 
of the corals over certain large areas, almost compels 
ns to accept this theory* But further to test its truth, 
a crowd of questions may he asked- Do the different 
kinds of reefs which h^ive been produced by the 
same kind of movement, generally lie within the 
same or closely adjoining areas? How are such reefs 
related to each other in form and position,— for 
instance, do neighbouring groups of atolls, and the 
separate atoUs in each group, bear the same relation 
to each other as do ordinary islands ? Although coral- 
reefs which have just begun to re-grow, after having 
been killed by too rapid a subsidence, would at first 
belong to the fringing class, yet, as a general rule, 
reefs of this class indicate that the land has either 
long remained at a stationary level, or has been up- 
raised* Of a stationary level it is hardly possible 
to find any evidence except of a negative kind ; hut 
of recent elevation, upraised marine remains afford a 
sure proof; it may therefore be asked, do fringed 
coasts often afford such evidence ? Do the areas 
which have subsided, as shown by the presence of 
atolls and harrier-reefs, and the areas which have 
either remained stationary or have been upraised, 
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as indicated by fringing-reefs, bear any determinate 
relation to each other ? Is there any relation between 
the areas of recent subsidence or elevation, and tho 
presence of active volcanic vents ? These several 
questions will be considered in the following chapter,' 



^ I may take this opportTinity of RrioEj eonstidcriug the 
wliieh would probably bo prosonted by a TCitioal and deep section 
across? a coral formation (referring chiefly to an atoH) formed by the 
upward growth of coral during successive subsidences. This is a 
subject worthy of att^cution, as a means of comparison with ancient 
coral strata. The circumferential parts would consist of massive spe- 
cies iu a vertical position, with their interstices fllled up with detritus; 
but this would be the part most subject to subsoquont denudation and 
removal. It is useless to speculate how large a proportion of tho 
exterior annular reef would consist of upright coral, and liow mueh of 
fragmentary rock, for this would depend on many contiu gened es, — such 
a.s on the rate of subsidence occasionally allowing a fresh growth of 
coral to cover the whole surface, and on the breakers having force suffi- 
cient to throw friigments over this aname space. Tbo conglomerate which 
composes the base of the islets, w'ovdd (if not removed by denudation 
together with tho exterior reef on which it rests) be conspicuoits from 
the size of the fragments, — the different degrees in which they have 
been rounded, — the presence of fragments of conglomerate torn up 
rounded and ro-cemonted,— and from the oblique atratificatioii. The 
corals vidiicli lived in the lagoon-reefs at each successive levels would 
he preserved upright, and they would consist of many kinds, generally 
much branched. In this part, however, a very large proportion of 
the rock, and in some cases nearly aH of it, would ' be formed of sedi- 
mentary matter, being in an excessively fme or moderately coarse 
state, with the particles almost blended together. The conglome- 
rate which was formed of ronnded pieces of the branched corals on 
the shoresJ of the lagoon, would differ from that formed on the islets 
and derived from the outer coast ; although both might have been ac- 
cumulated very near eaeh other* The stratification, taken as a whole, 
would he horizontal : hut the conglomerate beds resting on the exterior 
reef, and the hods of sandstone on tho shores of the lagoon and on 
the external flanks of the reef, would probably be divided (as at Keeling 
atoll and at Mauritius) by numerous layers dipping at considerable angles 
in different directions. The calcareous sandstone and coral rock would 
almost necessarUy contain innumorahlo sholls, echini, and the bones of 
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fish, turtle, and perhaps of hirdfi r possibly, also, the bones of small 
saurians, as these animals find their Ts^ay to islands far remote from 
any conLinent. The large shells of some species of Tridaena would 
be found vertically imbedded in the solid roch, in the position in which 
they lived. We might expect, also, to find a mixture of the remains of 
pelagic and littoral animeds in the strata formed in the lagoon, for 
pumice and the seeds of plants are floated from distant countries into 
the lagoons of many atolls ; on the outer coast of Keeling atoll near 
the mouth of the lagoon, the shell of a pelagic Pteropodous animal was 
brought up on tho arming of the sounding lead. All the loose blodks 
of coral on Keeling atoll wore burrowed by vermiform animals ; and as 
every cavity ^ no doubt, ultimately becomes filled with spathose lime- 
stone, slabs of the rock would, if polished, probably exliibit the exca- 
vations of such burrowing animals. The conglomerate and fine-grained 
bods of coral-roek would be hard, sonorous, white, and composed of 
nearly pure calcareous matter; in some few parts, judging from tho 
specimens at Keeling atoll, they would probably contain a small 
quantity of iron, I have seen a conglomerate now forming on tho 
shores of the Maldiva atolls, resembling conglomerate limestone from 
Dovonsliire^ Floating pumice and scoriae, and occasionally stones trans- 
ported iu the roots of trees (see my Journal of Researches, p* 549) 
appear tJie only sources tlirough which foreign matter is brought to corsil- 
formations standing in the open ocean. The area over which sediment 
is transported from coral-reefs must, be coiisidcrablo ; Captain Moresby 
informs me that during the change of monsoons, the sea is discoloured 
to a considerable distance off tho Maldiva and Cliagos atolls. The sedi-- 
ment off fringing and barrier coral-rcofs must be mingled with the 
mud which 13 brouglit down from the land, and is transported seaward 
through the breaches which occur in front of almost every valley. If 
the bed of the ocean W'cre to be upraised and converted into land, the 
atolls of the larger archipelfi.goes would form flat-topped mountains, 
varying in diameter from a few to sixty mjles-“fbr tho smallest atolls 
woidd probably be W'orn quite away; and from being horizontally 
stratified and of similar composition, they would, as Sir C. Lyell has 
remarked, falsely appear as if they had originally been united into one 
vast continuous mass, Such great strata of coral-rock would rarely be 
associated with erupted volcanic matter, for this could only take place, 
as may bo inferred from what follows in tho noxt chapter, when the 
area in which they were situated, commenced to rise, or at least 
ceased to subside. During the enormous period necessary to effect an 
elevation of the kind jnst alluded to, the surface would necessarily be 
greatly denuded ; hence it is highly improbablo that any fringing- 
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reef, or oyen any barrier-reef, at least tlioso cneircling small islands, 
would be preserved to a distant period. From this same cause, the 
strata which were formed within tlie lagoons of atolls and the lagoon- 
channels of harrier-reefs, and which must consist in a large part of 
sedimentary matter, would more often be preserved to future ages, tlian 
the estorior solid reef composed of massive corals in an upright posi- 
tion ; although it is on this exterior piirt that tho present existence and 
fLirther growth of atolls and barrier-reefs depend. 



The Complete Work of Charles Darwin Online 



156 



CHAPTER VI- 

0^ THE DISTRIBUTFON OF CORA]>REEFS WITH BEFEBEHCE TO 
THE THEORY OF THEIR FORMATION, 

Description of the coloured map — of atolls and Ifarrkr'recfs^ 
Elation injorm and position of atods with ordinary idands — Direct 
evidence of subsidence difficult to he detected— Proofs of tcccjU ckvation 
where fringin^^eefs occur — OsciUations of — Ahsenee of active 

volcanos in the areas of siihddenc&—Immensitp of the areas which have 
been ekvaied and have subsided— Tiicir relation to the present distrk 
bntion of the land— Areas of subsidence dongaUd — Their intersection 
and aUemation with those of elevationr— Amount, and slow rale of the 
requisite subsidence — Eecapitulation. 

It will be convenient first to give a short account of 
the appended map of the Pacific and Indian Oceans 
(Plate III.) ; a fuller one, with the data for colouriug 
each spot, is reserved for the Appendix, and every 
place there referred to may he found in the Index, 
A larger chart would have been desirable j but, small 
as the adjoined one is, it is the result of many months* 
labour. I have consulted, as far as I was able, every 
original voyage and map ; and the colours were first 
laid down on charts on a large scale. The same blue 
colour, with merely a diSei*ence in the tint, is used 
for atolls or lagoon-islands, and for barrier-reefs; 
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these being in all essential respects closely related, 
Fringing-reefSj on the other hand, have been coloured 
dull red, for there is an important distinction between 
them and barrier-reefs and atolls with respect to the 
depth beneath the surface, at which, as we must believe, 
their foundations lie. The two distinct colours, there- 
fore, mark two great types of structure . 

The dark hhte colour represents atolls and sub- 
merged annular reefs with deep water in their centres, 
I have coloured a few low and small coral-islands 
as if they had been atolls, although not including a 
lagoon ; but this has been done only when it clearly 
appeared tliat they had originally contained one* 
When no such evidence exists they have been left 
imcoloured. 

The pale blue colour represents barrier-reefs, Tlie 
most obvious character of reefs of this class is the 
broad and deep-water moat within the reef; but this, 
like the lagoon of a small atoll, is liable to become 
filled up with detritus and with reefs of delicately- 
branched corals. When, therefore, a reef round the 
entire circumference of an island extends far into a 
profoundly deep sea, so that it can hardly be con- 
founded with a fringing-reef which must rest on a 
foundation of rock within a small depth, it has been 
coloured pale blue, although it does not now include 
a deep-water moat* But this has been rarely done, 
and each case is distinctly mentioned in the Appendix, 

The red colour represents reefs which fringe the 
land closely where the sea is deep, and extend to 
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a moderate distance from it where the bottom is 
gently inclined ; but they never include a deep-water 
moat or lagoon-like chaimel ruuDing parallel to the 
shore. It must, however, be remembered that friiiging- 
reefs are frequently breachjdd by deep-water channels, 
where mud has been deposited in front of rivers and 
valleys. 

In all cases, a space of 30 miles in width has 
been coloured round or in front of the reefs of eaclr 
class, in order that the colours might be made con- 
spicuous in a map on so small a scale- 

The vermilion spots and streah^ represent vol- 
canos now in action, or historically kno>vn to have 
been so. They are laid down chiefly from Yon Biich’s 
work on the Canary Islands ; and my reasons for 
making a few alterations are given in the note below. ^ 

' I have also made consideraLlo -a£& of the geological part of Berg’- 
haijS' Physical Atlas. Begianirig at the eastern side of the Pacific, I 
have added to the number of the volcanos in the aouthern part of the 
CordiUcra, and have coloured Juan Fernandez according to ohservations 
collected during the voyage of tlie (Qeoh Trans, voh v. p. 601). 

I have added a volcano to Albemarle Island, one of the Galapagos 
Archipelago (see mj Journal of KesearcheSj p. 457). In the Sandwich 
group there are no active volcanos, except at Hawaii ; but the Hcv. W. 
Eilia informs me there arc streams of lava apparently modern on 
Maui, having a very recent appearance, which can be traced to the 
craters whence they flowed. Tho same gentleman informs me that 
tlicro is no reason to believe that any active volcano exists in the 
Society Archipelago ; nor are there any known in the Samofi or Navi- 
gator group, although some of the streams of lava and craters there 
appear recent. In the Friendly group, the Rev^ J. William g says (Nar- 
rative of Missionary Enterprise, p, 29) that Toofoa and Proby Islands 
are active volcanos. I infer from Hamilton’s Voyage in the Pandora 
(p* 95), that Proby Island is synonymous witli Onouafou, but I have not 
ventured to colour it. There can be no doubt respecting Toofoa ; and 
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The uncolom^ed parts consist, first and chiefly, of 
coasts where no coral-reefs, or quite insignificant ones, 

Captain Edwards (Von Eueli, p, 386) found tlio lava of a recent erup- 
tion at Amargum atill umoking* Eorghaun marks four aotivo volcanos 
iLCtually within tJie Eriendly group ; h^it I do not know on wliat autho- 
rity ; I may mention thatKaurolle describes Latto as haviug a hurnt-up 
appearance ; I have markcKl only Toofoa and Armagura. South of the 
Kow Hebrides lies Matthews Roek^ wliich is described as an active crater 
in the voyage of the AsiroHale. Eetween it and the volcano on the 
eastern side of New Zealand lies Ed ms tone Island, which from tbo 
high tompeTature of the waiter in the crater may he ranked as active 
(Berghaus Vorbemerk, IT* Lief. S. 56)* Alalte Bran, vol. xii, p* 281, 
says that there is a volcano near Port Bt. Vincent, in New Caledonia : I 
belioTo tbis to he an error, arising from smoke seen on the opposite 
coast by Cook (2nd voyage, vol. ii* p* 23), which smoke went out at 
night* The Mariana Islands, especially the northern ones» contain 
many craters (eco EreycinoPs Hydrog. Bescript.) which are not active. 
Von Buch, however, states (p* 462) on tho authority of La Peyrousc, 
that thfiiTG are no less tlian Rcven volcanos between these islands and 
Japan, Gcmelli Cared (Churchiirs Collect, vol. iv. p, 456) says there 
are two active volcanos in lat. 23^ 30' and iu lat. but I have not 
coloured them. From the statements in Beacheys Voyage (p. 518, 4to 
edit.) I have coloured one in the northern part of tho Bonin group. 
M. S. Julien has clearly made out from Chinese manuscripts not voEy 
ancient (Gomptes Rend us, 1S40, p- S32), that thoro are two active vol- 
canos on the eastern side of Formosa. In the map appended to the first 
edition I marked an active volcano in Torres Straits, and gave my 
authority i but Mr, Jukes Informs mo that there certainly is no volcano 
thoro ; a wooded island on fire having been mistaken for one. Mr. 
jrClelland (Report of Committee for Investigating Coal in India, p. 30) 
has shown that the volcanic band whicli passes through Barren Island 
must be. extended nortli wards. It appears by an old chart, that Cho- 
duba was once an active volcano (see also Silliman's'^orth American 
JournaI^ vol. sxxviii. p. 385)* In Berghaus* Phye. Anas, 1840 (No. 7 
of Geological Part) a volcano on the coast of Pondicherry is said to 
have burst forth in 1757. Ordinaire (Hist. Nat, des YoIcanE^p. 218) says 
that there is one at the mouth of the Persian Gulf, but I have not 
coloured it, as he gives no particulars, A volcano in Amsterdam j or 
St. Pauls, in the southerii ptrfe of the ln<lian Ocean, has been seen 
(NauL Mag. 1838, p- 842) in action. Dr* J. Allan, of Forres, informs 
me in a letter, that when ha was at Joanna, ha saw flames at nighty 
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exist. Secondly, of coasts where the sea is extremely 
shallow; and the reefs in this case generally lie far 
from the land, and are very irregular, so that they 
cannot always be classed. Thirdly, reefs which appear 
merely to coat submerged banks of rock or of sedi- 
ment ; for such reefs differ in some essential respects^ 
from those which owe their whole thickness to the 
growth of corals. Fourthly, in the Eed Sea, and 
within some parts of the East Indian Archipelago 
(if the imperfect charts of the latter can be trusted), 
there are many scattered reefs of small size, repre- 
sented by mere dots, which rise out of deep water; 
and these have likewise been left uncoloured. In the 
Red Sea, however, some such reefs seem once to have 
formed parts of a continuous barrier. There exist, 
also, scattered in the open ocean, some linear and 
irregularly-formed reefs which are probably, as shown 
in the last chapter, remnants of atoUs; but as they 
cannot safely be placed in this class, they have not 
been coloured ; they are, however, few in number, and 
of insignificant dimensions. Lastly, some reefs have 
been left imcoloured from the want of suflScient in- 
formation ; and some because they are intermediate 
in character between barrier and fringing-reefs. The 
value of the map is lessened, in proportion to the 
number of reefs which I have tlius been obliged to 

apparently volcanic, issuing from Chief Comoro Island, and that tho 

Arabs assured him that they wore volcanic, adding that the volcano 
burnt more during tlie wet season : I have marked tJiis as a volcano, 
though with some hesitation, as tho flames may have arisesn from 
gaseous soujcas* 
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leave imcalonred ; Lut their niiraber is not very great, 
as will be seen by comparing the map with the state- 
ments in the Appendix* I have experienced more 
difficulty in colouring fringing-reefs than in colouring 
barrier-reefs, as the former, from their small size, 
have not much attracted the attention of navigators. 
As I have had to seek nay information from all kinds 
of sources, I do not venture to hope that the map is 
free from errors. Nevertheless, I tnist it will give 
an approximately correct view of the general distri- 
bution of the coral-reefs throughout the world, (with 
the exception of some fringing-rcofs on the coast of 
Brazil, not included within the limits of the map,) and 
of their arrangement into the three great classes which, 
though necessarily ill-defined from the nature of the 
objects classified, have been adopted by most voyagers- 
I may further remark, that the dark blue colour repre- 
sents land entirely composed of coral-rock ; the pale 
blue, land with a wide and thick border of coral-rock ; 
and the red, land with a mere narrow fringe of coral-rock. 
Looking now at the map under a theoretical point 
of view, the two blue tints signify that the foundations 
of the reefs thus coloured have largely subsided, and 
that the rate of subsidence has been less than the up- 
ward growth of the corals* It is also probable that in 
many cases the foundations are still subsiding* The red 
signifies that the shores thus coloured support fringing- 
reefs ; and they have not, as a general rule, recently 
subsided, at least to any considerable amount, for the 
effects of subsidence on a small scale would hardly be 

M 
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distinguisbaWe. Such shores must either have xemamed 
stationary since the period when they were first fringed; 
or they may have been repeatedly upraised, with new 
lines of reefs successively formed round them. If, how- 
ever, coral-reefs became attached for tlie first time to a 
shore which was subsiding, or if a barrier-reef was de- 
stroyed and submerged ydih a new reef re-attached 
to the shore, this would necessarily belong at first 
to the fringing class, and would he coloured red, 
although the laud was sinking. So it would be with 
a subsiding shore, if it plunged at a very high angle 
beneath the sea, for in this case the reef would remain 
closely attached to the land as it grew upwards, and 
would resemble in all respects a fringing-reefi This 
source of doubt applies especially to atolls which 
have been upraised (such as Mctia and Elizabeth 
Islands), for from the steepness of their sub-marine 
flanks, a reef growing up during a subsequent 
period of subsidence round them, would still continue 
closely to skirt the land, and would therefore be 
coloured red. AYell-characterised atolls or encircling 
reefs, where several occur together in a gi’oup, or a 
single barrier-reef if of large dimensions, clearly indicate 
a movement of subsidence. The evidence from a single 
atoll, or from a single encircling-reef, must be received 
with caution, for the former may be based upon a sub- 
merged crater or hank, and the latter on a submerged 
margin of sediment or of woiui-down rock. 

On the distribution of the diffei^enf classes of reefs- 
^Having made the foregoing preliminary remarks, I 
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will now consider liow far the distribution of the dif- 
ferent kinds of coral-islands and reefs corroborates our 
theory- A glance at the map shows that the reefs 
which are coloured blue and red, and which are believed 
to owe their origin either to %videly different move- 
ments, or in the case of the red to a stationary condition, 
are not indiscriminately mingled together* Atolls and 
barrier-reefs, as may be seen by the two blue tints, 
generally lie near each other ; and this would be the 
natural result of both having been produced by the same 
movement of subsidence- Thus all the Society Islands 
are encircled by harrier-reefs, and to the and 

S.E, there are several scattered atolls* To the eastward 
lies the great Paumotu or Low Archipelago consisting 
entirely of atolls ; and still further to the N*E,, we meet 
with the Mendana or Marquesas Islands, which, from 
their abrupt and deeply indented shores, Dana' be- 
lieves have probably subsided | though hardly any coral- 
reefs exist there, which might have afforded additional 
evidence of subsidence. In the midst of the Caroline 
atolls, there are three fine encircled islands. The 
northern point of the harrier-reef of New Caledonia 
apparently forms, as before remarked, a great atolL 
The Australian barrier is described as including both 
atolls and small encircled islands* Captain King ^ men- 
tions many atoll-formed and encircling coral-reefs, 
some of which lie within the barrier, and others may he 

^ Cojak and Coral Islands^ 1872, p- 325. 

^ Sailing Directions, appended to yoL ii- of his Suiroji^g Voyage to 
Australia, 

u 2 



The Complete Work of Charles Darwin Online 



164 



DISTEIBUTIOS OF COHAL-ltEFFS* 



Ch. VI 



said (for instance between lat. 16* and 13*) to form 
part of it. Flinders^ has described an atoll-formed 
reef in lat 10*, seven miles long and from one to three 
broad, resembling a boot in shape, and apparently in- 
cluding a deep lagoon. Eight miles westward of this, 
and forming part of the barrier, lie the Murray Islands, 
which are high and are encircled. In the Corallian sea, 
between the two great harrier-reefs of Australia and 
New Caledonia, there are many low islets and coral- 
reefs, some of which are annular, or like a horse-shoe. 
Bearing in mind the smallness of the scale of our map 
(the lines of latitude being 900 miles apart), we see that 
none of the larger groups of reefs and islands which arc 
coloured blue, and which are supposed to have been 
produced by long-continued subsidence, lie near exten- 
sive lines of coast coloured red ; these latter ha\dng 
either long remained stationary, or having been upraised 
with new reefs re-formed on them. Where red and blue 
cii'cles do oecui' near each other, I am able, in several 
instances, to show that there have been oscillations of 
level ; subsidence having preceded tlie elevation of the 
red spots ; and elevation having preceded the subsidence 
of the blue spots ; and in this case the juxtaposition of 
reefs belonging to the two great types of stnicture is 
little surprising. We find, tlierefore, that atolls and 
barrier-reefs, which both owe their origin to subsidence, 
lie near togetJier and ^ire as a general rule separated 
from fringing-reefs, which show that the land is sta- 
tionary or rising ; and all this holds good to the full 
* Voyage to Terra Australis, voL ii, p. 3S6. 
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extent which might have been anticipated bj our 
theory. 

As atolls have been formed during the sinking of 
the laud by the upward growth of the reefs which pri- 
marily hinged the shores of ordinary islands ; so we 
might expect that these rings of coral, like so many 
rude outline charts, would still retain traces of the 
general form, or at least of the general range, of the 
islands round which they were first modelled- That this 
is the case with the atolls in the Southern Pacific, as 
far as their range is concerned, seems highly probable, 
when we observe that the principal groups are directed 
in nearly N.W, and S-E. lines, and that nearly all the 
mountainous islands and shores in the S* Pacific range 
in this same direction ; namely, N- Eastern Australia, 
New Caledonia, the northern half of New Zealand, the 
New Hebrides, Saloman, Navigator, Society, Marquesas, 
and Austral archipelagoes. In the Northern Pacific, the 
Caroline atolls almost abut against the N,W. lino of 
the Marshall atolls, much in the same manner as tlie E 
and W* line of islands extending from Ceram to New 
Britain abuts against New Ireland. In the Indian 
Ocean the Laccadive and Maldiva atolls extend nearly 
parallel to the western moimtains of India. There is 
also a close resemblance between atolls and ordinary 
islands in the manner in which they are grouped, as 
well as in their shapes. Thus the outline of all the 
larger groups of atolls is elongated ; and the atolls 
themselves are generally elongated in the same direc- 
tion with the group. The Chagos group is less elon- 
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^ated tlian is nsual, and the individual atolls in it are 
likewise but little elongated * this is strikingly seen by 
comparing them with the neighbouring Maldiva atolls. 
In the Marshall and Maldiva archipelagoes, the atolls 
are ranged in two parallel lines, like a great double 
mountain-cliain. Some of the atolls in the larger 
archipelagoes stand so near to each other, and have such 
an evident relationship, that they compose little sub- 
groups ; in the Caroline Archipelago, one such sub-group 
consists of Pouynipete, a lofty island encircled by a 
barrier-reef, and separated by a channel only four miles 
and a half in widt!^ from Andecma atoll, with a second 
atoll a little further removed. 

On the direct evidence of ike blue spaces in the map 
having subsided during the upward growth of the 
7'eefs thus coloured^ and of the red spaces having 
remained stationary^ or having been upraised* — -With 
respect to subsidence, we cannot expect to obtain in 
semi-civilized countries proofs of a movement which 
tends to conceal its own evidence. But on coral-islands 
we see plain signs of a round of decay and renovation- — 
on some, the last vestiges of land— its first commence- 
ment on others : we hear of storms washing away and 
desolating the islets to an extent which astonished the 
inhabitants ; we know by the great fissures with which 
some of these islands are traversed, and by the earth- 
quakes felt under others, that subterranean disturbances 
are in progress. All these appearances accord well with 
the belief that these islands have recently subsided ; 
though not proving the fact. At Keeling atoU, however, 
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I have described certain appearances, which seem 
directly to show that the surface subsided there drrring 
the late earthq[uakcs. In the Caroline Archipelago, 
the island of Pouynipete (Plate fig^ 7), from being en- 
circled by a great barrier-reef, must have subsided, in 
accordance with our theory; and in the New South 
Wales Lit, Advert. Feb, 1835, there is an account of 
this island, (subsequently confirmed by Mr, CampbeE,) 
in which it is said, ^ At the N.E. end, at a place caMed 
Tamen, there are ruins of a town, 'iiow onl^ accessible 
by boats, the waves rmcKing to Urn steps of the houses-^ 
Hence it woidd appear that the island must have sub- 
sided since these bouses were built. Mr, Hales also states, 
from information acquired during the U, S. Exploring 
Expedition, that certain buildings on this island are 
now in the water : ^ what were once paths are now 
passages for canoes, and when the walls are broken down 
the water enters the enclosures/* Vanikoro, according 
to the Chevalier Dillon, is often violently shaken by 
earthquakes, and there, the imusual depth of the channel 
between the shore and the reef, the wall-like structure 
on the inner side of the reef, the small quantity of low 
alluvial land at the foot of the mountains, and the almost 
entire absence of islets on the reef, all seem to show 
that this island has not remained long at its present 
level,® At the Society Archipelago, on the other hand, 

' Professor J>ana also eoudxitles from theso facts that the island 
subsiding j see Corals and Coral Islands, 1372, p. 330. 

^ See Captain Voyage in search of La Peyrouse. M* Cordier, 

in his Eeport on the Voyage of tho Aslroiabe (vol, i. p. csi.), speatiog of 
VanikorOi says Oie shoTca axe surrounded by reefs of madrepore, ' 
itre de formaiion toui-a^fmt modeme^^ 
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where a slight tremor is only rarely felt, the shoalness of 
the lagoon'Channels round some of the islands, the 
number of islets formed on the reefs of others, and tho 
broad belt of low land at the foot of the moimtains, all 
indicate that these islands have not undergone for a long 
period, any movement of subsidence, althougli their 
encircling reefs must on our theory have been originally 
produced through subsidence*^ 

Although Dana admits that atolls and barrier-reefs 
must liave been originally formed by the subsidence of 
their foundations, he believes that a large number of 
atolls, situated between the Pai:imotu or Low group to the 
east and the Feejees to the west, and northward nearly 
as far as the equator, have recently been uplifted to the 
height of a very lew feet-^ Mr. Couthoiij came to a 
similar conclusion during the same expedition with 
respect to many of the Panmotu atoUs. These observers 
ground their belief chiefly from having found the great 
shells of the Tridacna vertically embedded in coral-rock, 
at a height at which they cannot now exist. Mr_ 
Couthouy also states that he found corals standing on 
the shores and in the midst of the lagoons, from 12 to 
$0 inches above the sea-level, with the tips of their 
branches dead* He also refers to masses of coral-rock 

^ Mr, CouUtouy states (EemarkSj p. 44)^ that at Tahiti and Eime*> 
tho space between the reef and the shore hag been nearly filled up by 
the extension of eoral -reefs of the kind which within most barrier-reefs 
merely fringe the land. From this circijmstance, he arrives at the samo 
conclusion as I have done, namely, tliat the Society Islands have 
remained stationary during a long period. 

^ Corals and Coral Islands, 1873, pp- 199, 345. See also Mr, Con- 
thouy^s Eemarks on Coral Formations* 
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which lie thinks could not have heen carried into their 
present positions and snhseqnentlj heen water-worn,, 
whilst the land stood at its present levcL Nevertheless 
it might, I think, have heen anticipated that manj 
atolls wonld have presented the above appearance, if 
they had long remained at a stationary level. The sea, 
after the land had at some former period subsided a few 
feet, would have continued for a long time breaking 
over the whole reef, even after the living corals had 
grown up to their full height on the outer margin. The 
waters of the lagoon would thus have heen disturbed and 
raised, so that shells and corals, from being bathed by 
the troubled waters, could have ezisted at a greater 
height than that at which they could exist after the 
reef had been raised by the agglutination of fragments 
and sand, and after islets had been formed on its sur- 
face- Even the more outward growth of a reef, and the 
consequent increase of its breadth, by checking the 
inward rush of the breakers, would tend to lower the 
level in the lagoon at which corals and shells can live. 
We have seen that at the Keeling Islands there are 
fields of rotten coral with the tips of their branches pro- 
jecting above the surface of the lagoon, — the result of 
the tides not rising so liigh as formerly (as is said to be 
the case by the inhabitants), from the closing of the 
channels between the islets on the outer reef, and from 
the lagoon being partially choked up by the growth 
of the corals. Here, so far from there having been 
any recent elevation of the land, we have reason to 
beheve that there has been subsidence. Messrs. Dana 
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and Conthouy’s observations relate chiefly to the 
Paumotu atolls, and here again some facts indicate 
recent subsidence rather than elevation : I refer to the 
manner in which Chain atoll suffered during a storm, 
and to Sir E. Belcher’s statement, ‘ that after an interval 
of foarteen years, a well-known islet had disappeared, 
and the lagoon at a particidar spot had become deeper 
than it was before* 

There are other causes of change w^hich might, as it 
appears to me, easily lead to a mistaken belief in the 
recent elevation of low coral formations. We must ro- 
member that the outer and li^ung margin of the reef 
grows up to a height determined hy the constant break- 
ing of the waves* Outside this margin there is a sloping 
surface also covered with li\ung corals, but belonging to 
species which do not grow to the surface ; and beyond 
this, there is a much steeper slope consisting of coral- 
sand* Now after a somewhat rapid subsidence of, for 
instance, one or two fathoms, we may feel almost sure 
that the corals on the outer margin would grow up 
quickly to the surface and form a nearly vertical walk 
This would be succeeded outside hy a steeply sloping 
surface of living corals, which would likewise sooner or 
later grow up in their former level ; hut outside this, 
the much steeper slope, formed by the slow accumula- 
tion of fine detritus, would not recover for a very long 
time its former angle relatively to the upper hank of 
living corals* Now it seems highly probable that a 

* Voyage Kound the World, vol, 1. 1343, p, 382. 
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change of any kind in the enter submarme slope of an 
island would infiucnce the height to which the living 
corals on the margin woidd he constantly hathed hy the 
surf, and to which they woidd consequently he ahle to 
grow. Again, it seems possible that if dirring one season 
of the year the currents of the sea and the prevalent 
winds coincided in direction, the waves wotdd then reach 
to a higher level and the corals grow higher, than at 
another season when the currents and the winds did not 
coincide in direction. Tlie result woidd be that the 
corals which during the one season had grown to their 
fid! height, woidd at the other season expose their dead 
summits, and give the appearance of the land having 
been slightly elevated. I have referred to these possi- 
bilities merely to show how difficult it must ever be to 
judge whether low coral formations have really been 
raised to a height of only two or three feet, as Dana 
believes to have been the case with several groups of 
atolls. To me it seems more probable that all the above- 
mentioned appearances merely indicate that the atolls 
in question have long remained at the same Icvch If, 
however, the conclusion arrived at by so excellent an 
observer as Professor Dana, should hereafter be con- 
firmed, the question wull arise, seeing how immense an 
area has been thus affected, whether those geologists are 
not right who believe that the level of the ocean is 
subject to secular changes from astronomical causes. 



The Complete Work of Charles Darwin Online 



1V2 



DISTEIBTJTION OF CORAL-EEEFS. 



Cn, VI, 



Evidence that many coasts fringed with coral-reefs 
and coloi^red red on the map^ have hem recently 
elevated. — As the areas which have slowly subsided with- 
in the period of existing corals are many and large, 
we might hav^e expected that such moyements would 
have been coiuiter balanced by the recent elevation of 
other equally large areas ; and this, as we shall sec, 
apparently holds good. Corals attached to a rising 
coast would necessarily form a fringing-reef ; and this 
reef would be upraised at each successive elevation, with 
a new one formed on the coast at a lower level* Such 
reefs would cUifer only hy their smaller breadth from 
those attached to a shore which had long remained 
stationary ; for they would not have had sufEcient time 
to form a foundation of their own detritus and grow far 
outwards. Fringing-rcefs indicate as a general rule 
that the land to which they are attached has not re- 
cently subsided* But they do not tell us whether 
the land is rising or stationary* Nevertheless, the 
crust of the earth seems liable to such incessant changes 
of level that a long-continued station arj^ condition ap- 
parently is rare. We may infer that this is so from 
the number of eases, within the limits of oiu map, in 
which upraised corals or other organic remains have 
been found on the shores which are fringed with reefs, 
and are, therefore, coloured red* It may he mentioned 
as bearing on this subject, that I was much surprised 
on first reading a memoir on coral formations by 
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MM. Quoy and G-airaard,^ by finding that their descrip- 
tions applied only to reefs of the fringing class 5 for I 
knew that they bad crossed both tlie Pacific and Indian 
Oceans ; but my surprise ended in satisfaction, when I 
discovered that all the islands wiiich they bad visited, 
though several in number — namely, Mauritius, Timor, 
New G-uinea, the Mariana and Sandwich Archipelagoes 
—could be shown by their own statements to have 
been elevated within a recent geological period. 

I win now enter on some details, showing how many of 
the islands and coasts which from being fringed with reeis are 
coloured red on our map, have been recently upraised. 

Sandwich Islands. SoYcml of these islands are fringed 
with reefs, though Dana found very few corals at Hawaii ; 
and almost every naturalist who has visited them has there 
observed upraised corals and shells, apparently identical with 
living species. The Rev, W. Ellis informs me that he 
noticed round several parts of Hawaii, beds of coral detritus, 
about twenty feet above the level of the sea, and where the 
coast is low they extend far inland, Upridsed coral-rock 
forms a considerable part of the borders of Oahu; and at 
Elizal>eth Island* it composes three strata, each about ten 
feet thick, Nihau, which forms the northern, as Hawaii does 
the southern end of the group (350 miles in length), likewise 
seems to consist of coral and volcanic rocks. Mr, Couthouy* 
has lately described several upraised beaches and ancient reefs 
with their surfaces perfectly preserved, as well as beds of 
recent shells and corals, at the Islands of Maui, Morokai, 

' Annalcs dos Sdcncea Nat. tom. vi. p. 279, &c, 

^Zoology of Captain Reechey’s Voyage, p. 176, Seo also JOI, 
Quoy and Gairaard in Anuales des Sciences Nat. tom* vi. 

* Remarks on Coral PormatioDs, p. 51. 
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Oahnj and Taiiai (or Kauai), all in this group, Mr, Pierce, 
an intePigeut resident at Oahu, is convinced, from changes 
which have taken place within his mcmorj during the last 
sixteen yearSj * that the elevation is at present going forward 
at a very perceptible rate,’ Tlie natives at Kauai state 
that tlie land is there gaining rapidly on the sea ; and 
Mr, Couth ouy has no doubt, from the nature of the strata, 
that this is the result of elevation, 

Elizabeth Island, in the southern part of the Low or 
Paumotu Archipelago, and Metia in the northern part, 
consist of upraised coral-rock, closely fringed by living recfsd 
In cases like tliese, wLcrc islands have tlie appearance which 
one of the smaller surrounding atolls with a shallow lagoon 
would present if elevated, we are led to conclude that the 
elevation has tal^en place at an epoch not geologically re- 
mote ; for it is improbable that such small and low fabrics 
should have resisted for an immense period all the many 
destroying agents of nature. When the surface of an ordi-^ 
nary island is strewed with marine remains, from the beach 
to a certain height, and not above that height, it is exceed^ 
ingly improbable that these remains, althoT:^gh they may not 
have been Bpecifically examined, should belong to any very 
ancient period. It is necessary to hear these remarks in 
mind, in considering the evidence of the elevatory move- 
ments in the Pacific and Indian Oce^ins, as it does not often 
rest on specific determinations, and therefore should he re- 
ceived with caution. Six of the Cook and Austral Islands 
(S,W. of the Society group) arc fringed ; of these, five 
were described to me by the Kev. J* Williams, as formed of 
coral -rock (associated with some basalt in Mangaia), and the 
sixth as lofty and basaltic, Mangaia is nearly fiOO feet high 

i 

* Bocchey’a Voyage in the Pacific, p, 46, 4to edit- Dana, Corals and 
Coral IslatidB, p, 193. WiIl^es, 11. S. Exploring Expedition, vol. i. p, 
337, 
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with a level summit ; iind, according to Mr. S, Wilson is an 
upraised reef ; ^ and there are in the central holioWj formerly 
the bed of the lagoon, many scattered patches of corah rock, 
some of them raised to a height of forty feet, ’ These knolls 
of coral -rock were evidently once reefs within the lagoon of 
an atoll. Mr, Martens, at Sydney, informed me that this 
island is surrounded by a tcrrace-like plain at about the 
height of 100 feet, which probably marks a pause in its 
elpvation. From these facts we may infer that the Cook and 
Austral Islands have been upheavod at a not very remote 
period. 

Savage Island (S.E, of the Friendly group) is according 
to Forster about 40 ieet in height, and according to Williams 
about 100 feet* Forster^ describes the plants as already 
growing out of the dead but still upright and spreading trees 
of coral ; and the younger Forster^ believes that an ancient 
lagoon is now represented by a central plain : here w e cannot 
doubt that the elevatory forces have recently acted, Tho 
same conclusion may be extended to the islands of the 
Friendly Groups which have been w^ell described in the 
second and third voyages of Cook, and recently by Dana, 
The surface of Tongatabou is low and level, but with parts 
50 or GO feet high ; the whole consists of coral-rock, ^ whidi 
yet shews the cavities and irregularities worn into it by the 
action of the tides/ ^ On Eoua the siimo appearances were 
noticed at an elevation of between 200 and 300 feet. Yavao^ 
also, at the opposite or northern end of the group, consists, 
according to the licv, J. Williams, of coral-rock. Tonga- 
tabou, wdth its northern extensive reefs, resemblea either an 
upraised atoll with one half originally imperfect, or one un-* 
equably elevated ; and Anamoul^a, an atoll equably elevated- 

* Couthouy’s Hemarks, p. 34. 

“ Observations made during Voyage Itoimd tke World, p. 147. 

® Voyage, voL ii. p. 163. 

* Cook’s Third Voyage (4to edit,), vok i, p. 314- 
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This latter island contains^ in its centre a salt-^atcr late, 
about a mile and a half in diameter, without any communi- 
cation with the sea, and around it the land rises gradually 
like a bank : the highest part is only between twenty and 
thirty feet ; but on this part, as well as on the rest of the 
land, (\vhich, as Cook observes, rises above the height of a 
true lagoon- island,) coral-rock like that on the beach was 
found. In the Navigator or Samoan Archipelago^ Mr. 
<3outhouy^ found on Manna many large fragments of coral at 
the height of eighty feet, ^ on a steep hill- side, rising half a 
mile inland ftom a low sandy plain abounding in marine 
remains/ Tlie fragments were embedded in a mixture of 
decomposed lava and sand. It is not stated whetlier they 
were accompanied by abells, or whether the corals resembled 
recent species; as these remains were embedded, they 
possibly may belong to a remote epoch ; but I presume 
this was not the opinion of Mr. Couthouy. On the other 
hand, Mr. Dana says expressly in one place, that * no 
satisfactory evidences of elevation were detected about these 
islands ; ^ and in another place he says (p. 326) that some of 
the islands have probably subsided. Earthquakes are very 
frequent in this archipelago* 

Still proceeding westward we come to the New llehridm. 
On these islands, Mr. G, Bennett (author of Wanderings 
in New South Wales) informs me that he found much coral 
at a great altitude, which he considered of recent origin. The 
Loyalty Islands are situated west of the New Hebrides, and 
not far from New Caledonia ; and one of these islands has 
been clearly shown by the Itev. W. E. Clarke (Journal of 
Geolog. Soc. 1847, p. 61) to consist wholly of coral-rock, and 
to have been raised within a recent period by at least two 
distinct elevations to the height ^of 250 feet. The shores are 
now fringed by reefs. Respecting Santa Cruz and the 

1 Cook's Third Voyago (4to Oflit,)> vol, i. p, 235 

® Kcmarlka on Coral l^ormations, p. 50. 
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SalomaTi Archipelago^ I liave no information ; but at New 
Ireland, which forms the fiorthern point of the latter chain, 
both Labillardierc and Lesson, have described large beds of 
an apparenlly very modern madreporitic rock, with the form 
o£ the corals little altered, The latter author ' states that this 
formation composes a newer line of coast, modelled round 
an ancient one. There only remains to be described in the 
Pacihe, that curved lino of fringed islands, of which the 
Mar tanas form the main part. Of these Guam, Kota, Tinian , 
Say pan 3 and some islets farther north, ai'c described by Quoy 
and Gaimard,^ and Chamisso,® as chicily composed of madre- 
poritic hmestone, which attains a considerable elevation, and 
is in several cases worn into successively rising cliffs : tho two 
former naturalists seem to have compared the corals and shells 
with the existing ones, and state that they arc of recent species. 
Peel Island, one of the Bonin or Arzobiqio group, between 
the Marianas and Japan, has fringing-reefs ; and it has clearly 
been upraised to a height of at least 50 feet, as shown by the 
ridges of corals and shells extending tmiformly at this level.'* 
FaiSj which lies in the prolonged line of the Marianas, 
between this group and the PelJews, is fringed by reefs ; it 
is 90 feet high, and consists entirely of madreporitic rock*® 

In the East IncHim ArcMpelagOy many authors have re- 
corded proofs of recent elevation. M. Lesso}:^^ states that 
near Port Dory, ou the north coast of New Guinea, the shores 
are flanked, to the height of 150 feet, by madreporitic strata 
of a modern date, lie mentions similar formations at Waigiou, 
Atnboina, Bourou, Ceram, Sonda, and Timor : at this latter place, 
MM. Quoy and Gaimatd^ have likewise described the primi- 

' Voyage dc la Ccquilkf Part. Zoolog. 

-2 Pro) ci net’s Voyage autourda Monde. .Seo .ilso the llydrographioal 
Memoir, p* 215* “ Xotzebao’s First Voy-age. 

* P. Yf. Graves, Journal of G eologioal Soe, 1855, p. 5<!2, 

* Liitkos Voyage, vol. it. p. 304. 

® Parti e Zoolog. Voyage de la Coquille^ 

^ Ann* des Scion. Nat., tom. vi. p. 2S1* 

N 
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tivc rock a, ag coated to a considerable height ivith corah 
Some small islets eastward of Timor are said in Koiff's Voyage^ 
to rcsemblo small coral islets upraised some feet above the sea. 
Dr* Macolmson informs me that Dr, liar die found in Jam an 
extensive formation ^ containing an abundance of shells, of 
winch the greater part appear to be of existing species. Dr* 
Jack^ has described some upraised shells and corals, apparently 
recent, on Pulo Nias off Sumatra ; and Marsden relates in his 
history of this gi'cat island, that the names of many promon- 
tories show that they were originally islands. On part of the 
west coast of i?or;ieo and at the Soolm Islands^ the form of the 
land, the nature of the soil, and the water-washed rocks, 
present appeatnncca^ (although it is doubtful whether such 
vague evidence is worthy of mention) of having recently been 
covered by the sea ; and the inhabitants of the Sooloo Islands 
believe that this has been the case, Mr- Cuming, who lias 
lately investigated with so much success the mollusca of the 
rinllippmes^ found near Cabagnn, in Luzon, about 50 feet 
above the kvel of the II, Cagayan and 70 miles from its 
mouth, a large bed of fossil shells : these, as he informs me, 
arc certainly of the same species with those now existing oir 
the shores of the neighbouring islands* From the accounts 
given by Captain Dasil Hall and Capttiin Bccchey^ of the lines 

^ Translated by Windsor Earl, ehaps, vi. and vii. 

- Gcolog, Transaot, 2nd series, vol. i. p. 403. On llie Peninsula of 
Hi Jacca, in fcont of Penang, 5® 30'' N., Dr. Ward collected soma shells 
which Dr, Makolmson informs me, although not ctjmpaxod with exist- 
ing species, had a recent appearance. Dr. .Ward describes in this 
neighbourhood (Trans. Asiat, Soc- Tc>l. xviii., part 2, p. IGfi) n single 
water-worn with a conglomemte of sea -shells at its }>msg, situEitod 
six miles inland, which, according to the traditions of the natives, was 
once surrounded by tlie sea, Captiin Low has al SO described (ibid. Part i. 
p. 131) mounds of shells lying two miles inland on lliis line of coast, 

* Notices of the East Indian Arch., Singapore, 1838, [p, 6, and 
Append, p, 43. 

* Captain 11. Ilall, Voyage to Loo Choo, Append, pp* xxi. and xxv, 
CHptain Dcechev’s Voyage, p. 406, 
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of inland reefs, and walls of coral mck worn into caves^ above 
tlie present reacli of the waves, at the Loo Choo Islands, there 
can be little doubt that they have been upraised at no very 
remote period. 

Br. Davy^ describes the northern province of Ceylon as 
being very low, and composed of a limestone with shells and 
corals of veiy recent origin ; he adds, tliat it does not admit of 
a doubt that the sea has retired from this district even witliin 
the memoi-j of man. There is also some reason for believing 
that the eastern shores of India, north of Ceylon, have been 
upraised within the recent period.- On the opposite side of 
the Gulf of Bengal, Captain Halstead everywhere found during 
his survey of the Burmese coast (as he informed Sir C. Bycll), 
proofs of recent eiovatiou in upraised beaches and beds of 
shells and corals. In the Indian Ocean Mauritius has been 
recently upraised, as I have shown in the chapter on fringing- 
reefs. The northern extremity of M adagascar is described by 
Captain O^ven® as formed of madreporitic rock, as likewise arc 
the shores and outlying islands along an immense space of 
Mastern Africa^ from a little north of tho equator for 900 
miks southrvard. Nothing can be moi'e vague than tho ex- 

‘ TniYels in Ceylon^ p. 13. This madreporitic formation is mon- 
tioned by AI. Cordivr in bis report to the Institute (^ny 4, !S39) on 
tlio Tojiige of the Chevrdk, as one of immeuso extent, and belonging to^ 
the latest toitiary pcriotl. 

- Br. Benza, in his Journoy tbwigli the N. Circars (the Madras Lit. 
and Scient. Journal, voL v.), has doseribod a formation witli recent 
fr&shwater and marine shells, occiufring ai the distance of threo or four 
miles from the present shore. Dr. Benaa, in conversation with me, 
attributed their position to a rise of the laud, Br, Malcolnisou, how- 
ever, (and tliere cannot be a higher authority on the geology of Indiaj) 
informs me that ho suspects that tlieso beds may havo boen formed by 
the mere action of tho waves and currents accumulating sediment, ^rom 
analogy I should much indine to Dr. Benza^s opinion, 

® 0 wen's AMcii, voL ii. p. 37, for Madagascar ; and for S. Africa, vol i* 
pp, 412 and 426. Liout. Botekr's narrative contains fuller particulars, 
regarding the coral rock, vol. i, p. 174, and vol. li. pp. 41 and 64. Seo 
alsoBuschenbergers Voyage round the World, voL i, p. 60. 

.V 2 
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pression ^ jnadrcporitic i-ock but at the same time it is, I 
think, scarcely possible to look at the chart of the linear islets 
running in front of the coast from the equator far south ward, 
and rising to a greater height thiui can be accounted for by 
the growth of coralj without feeling convinced that a line of fring- 
ing- reefs has been elevated at a period so recentj that no great 
cliangcs have since taken place on the surface of this part of 
the globe. Home, also, of tlio higher islands of madreporitic 
rock on tliis coast, for instance Pemba, are singulaxl}’' shaped, 
apparently showing the combined effect of the groivth of coral 
on submerged banks, togedier with their subsequent upheaval. 
Dr, Allan informs me that he never observed any elevated 
organic remains on the SetfchelieSj which come under our 
fringed class. 

The nature of the formations round the shores of t!ie 
as described by several authors, proves that the whole of 
this large area has been elevated within a very recent tertiary 
epoch. A part of this space in the appended map is coloured 
blue, indicating the presence of barrier-reefs ; on which cir- 
cumstance I shall presently make some remarks. Eiippell ^ 
states that the tertiary formation, of which lie has examined 
the organic remains, forms a fringe along Xhe shores with a 
uniform height of htom 30 to 40 feet, from the mouth of the 
Gulf of Suez to about lat. 26* ; but that south of 26", the 
beds attain only the height of from 12 to 15 feet. This, how- 
ever, can hardly be quite accurate ; although possibly there 
may be a decrease in the elevation of the shores in the middle 
parts of the Ked Sea, for Dr. Malcolmson informs me tkit he 
collected shells and corals, apparently recent, from the cliffs 
■of Camaran Island (lat. 15" 30^ S.) at a height of between 30 
to 40 feet; and Mr. Balt (Travels in Abyssinia) describes a 
similar formation a little southward on tl*e opposite sliore at 
Amphila, IMoreover, near the mouth of the Gulf of Suez, 
although on the coast opposite to tJiat on wdiich Dr. liUppcll 

' Eiippelli Reise in Abyssinion, Band i. s. 141. 
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says til at the modern beds attain a height: of only 30 to 
40 feet, Mr. Burton^ found a deposit replete with existing 
species of shells, at the height of 200 feet. In an admirable 
series of drawings by Captain Moresby, I could see how continu- 
ously the cliiT-bounded, low, tertiary plains extended with a 
nearly equable height, both on the eastern and western shores. 
The soutiiern coast ol' Arabia seems to have been subjected to 
the same elevatory movement, for I>r. M<alcolmson found at 
Sahar low clilfs containing sheila and corals apparently of 
recent species. 

The Persian Gulf abounds wuth coral-reefs; but as in 
this shallot V sea it is difficult to distinguish reefs irom sand- 
banks^ I have coloured only some near the mouth. Towards 
the head of the gulf Mr. Ainsworth^ says that the land is 
worn into terraces, and that the strata contain organic remains 
of existing forms. 

The West Indian Archipelago of ^ fringed islands * alone 
remains to be niontioned : evidence of an elevation within a 
late tertiary epoch of nearly the “whole of this great area, may 
be found in the works of almost all the geologists who have 
visited it. I wull give sonio of the principal references in a 
notc,^ 

^ Ljell’s Principles of Geolo.g}^ Gth edition, rol. iv. p. 25. 

^ Aias VI' Orth’s Assyria iind Babylon^ p. 217. 

* These references only relate to works published before IS'12, the 
date of the first edition of this book. Ou Florida and the north shores 
of the Gulf of Flexieo, Kogers" Beport to Brit. Assw, vol, ili. p, 14.’ — 
On the shores of IVIcxico, liiimboldt, Polit. Bssay on New Spain, yol, i. 
p. 62. (I have also some corroborative facts witli respect to the shores 
of Mexieo.) — Ilonduras and the Antilles, LyelFs Principles, r5th ed. 
vol, iv. p. 22-. —Santa Cruz andUarbadoes, Prof.PTovfiy, Silliiuaii^s Journ. 
vol. XXXV. p. 74. — St. Domingo, Courrojolles Jour, du Phys. tom. liv. 
p. 106.— Bahamas United Service Jouro. No. Ixxi. pp. 21 S and 224, — 
Jamaica, Do laBeehe, Geoh Man. p. 142. — Cuba, Taylor in Bond* and 
Edin. Phil, Mag. vol. xi. p. I 7 , Dr. Daubeney als<) at a meeting of the 
Geolog^ Soc-. orally dcseribed some very modern beds lying on the N.W. 
parts of Cuba.. I might have added many other less important 
references. 
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On reviewing tbe above details it is impossible not 
to be struck with the number of cases in which upraised 
organic remains, apparently belonging to the recent 
period, have been found on tlie sliores now fringed by 
reefs, and which arc coloured red on onr map* It may, 
however, be thouglit that similar proofs of elevation 
could be found on the coasts coloured blue, and which 
we have good reason to believe have recently subsided ; 
but such proofs cannot be^ found, with the few follow- 
ing and doubtful exceptions* 

The entire area of the Eed Sea appears to have been 
upraised within a late tertiary period ; nevertheless I 
liave been compelled, though on rm satisfactory evidence 
(given in the Appendix), to class the reefs in the middle 
part of the coast, not as fringing, but as barrier-reefs. 
If, however, the statements should prove acc orate re- 
specting the less height of the teidiarv^ beds in the 
middle, compared with the northern and soiithem 
districts, we might well suspect that the former had 
subsided subsequently to a general elevation by which 
the whole area bad previously been upraised* Several 
authors' have observed shells and corals high up on the 

* Ellig, iu Ijjs Pfiljnesian Kttsearclies, was tlie first to call attention 
to tlieBfi remains (voL L p* 38)* and ths tradition of the natiTos concern- 
ing them. Sec also ‘Williams, Nar. of Miss. Enterprise* p. 21 ] also 
Tyerman .and G* Bonnett, Journ. of Yoynge, yoh i, p* 213; also Mr. 
Couth on jh Hem ark p, 51 ; but his principal fai^t, namely, that thorn 
5s a mass of upraised coml on Uio mirroyr peninsula of Tiambii* is from 
hearsay evidence ; also Mr. Stutchbury, West of Etigland Journ. No. 1* 
p. 54. There is a passage in AVm Zaeh, Corrcis, Astronom. vol. 
p* 266, infennng an uprising at Tahiti, from a footpath now used* which 
was formerly impassable; but I particularly enquiretl from Several 
native chiefs* whetber they knew of any change of ibis kindj, and they 
TfForQ unanimous in giving mo an answer in tho negative* 
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mountains of the Society Islands, — a group of islands 
encircled by barrier-reefs, and wbicli, therefore, must 
have recently subsided, Tlius at Taliiti, Mr. Stutclibury 
found on the summit of one of the liighest mountains, 
between 5,000 and 7,000 feet above the level of the sea, 
distinct and regular stratum of semi-fossil coral;’ 
but we cannot infer from such evidence as this that the 
island has been elevated mthin the recent period ; and 
on the other hand, several naturalists, including 31r. 
Dana aud myself, have in vain searched near the coast 
for upraised shells and corals, whero if present they 
could not have been overlooked. Two of the Harvey 
Islands, namely, Aitutaki and Manouai, arc formed of 
upraised coral rocks, and have probably been elevated 
within a recent period ; nevertheless they are encircled 
by reefs extending so far from the land, that I have 
coloured them blue, though with much hesitation, as 
the space within the reef is shallow, and the encircled 
land is not abrupt. If these reefs really belong to the 
barrier class, we have here another instance of subsi- 
dence having followed elevation, both movements having 
been effected apparently within the recent period. There 
arc also many cases of corjil-formations, such as Elizabeth 
Islanc1,Mctia,Mangaia, several of the Friendly and one of 
tlie Loyalty Islands, which it can hardly be doubted once 
existed fis atolls, and were originally formed during sub- 
gidence, but have since been cle\^ated, and are now sur- 
rounded by fringing-reefs, Wc ha\^e, however, no 
reason to feel surprise at occasional or even frequent 
alternations of level of the above two kinds. 
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On the absence of active Volcmws in the areas of 
subsidence^ and on their frequent ^presence in the areas 
of elevation ^ — The absence of active volcanos through^ 
out the great areas of subsidence on our map, as 
shown by the pale and dark blue tints, — namely, in 
tlie central parts of the Indian Ocean, in the Cliina 
Sea, in the sea between the barriers of Australia and 
Xcw Caledonia, in the Caroline, Marshall, GHlbert, and 
Low Archipelagoes,— is a very striking fact. So is the 
presence of active volcanic vents and chains on or near 
many of the sliores coloured red on our map, and which 
are fringed with reefs ; for, as we have just seen, these 
fringed coasts have been recently iipheavcd in a large 
number of cases. Active volcanos likewise coincide with 
proofs of recent elevation on or near several other 
long lines of coast within the limits of our map, 
where there are no reefs of living corals, and wLich 
consequently are not colomed red, it must be here 
remarked with regard to the proofs of both subsidence 
and elevation, that I do not judge by the absence or 
presence or nature of the coral-reefs round the volcanos 
themselves ; for, as Lana repeatedly insists, the corals 
may have been tliere destroyed or injured by the heat 
or exhalations. Nor have I taken into account the 
presence of upraised organic remains on the Hanks of 
the volcanos themselves- I judge from the position of 

' It", may be wtsll here to state that all the reefs on the map were 
coloured eitlior red oi‘ blue before the YCrmllioii spots aud streats, 
slio’WTDg the powilion of flie active volcanos and volcanic chains, were 
added ■ and indeed before 1 knew of the emstence of acveral of them. 
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the active volcanic vents in relation to neighhomin^ 
islands and coasts, situated at too great a distance for 
any corals growing there to be injured by the eruptions ; 
and where, from the presence of atoll-formed or barrier- 
reefs, or of upraised marine remains, we liave reason 
to believe that either subsidcnco or elevation has 
occurred within a recent period* 

The following cases otfer a few partial exceptions to 
the rule that active volcanos are situated at a distance 
from tlie areas of subsidence. The Great Comoro 
Island probably contains a volcano, and it is only 
twenty miles distant from the baiTicr-reef of Blohila* 
Ambil volcano, in the Pliillippino Archipelago, is dis- 
tant only a little more than sixty miles from the atoll- 
formed Appoo reef: and there are two other volcanos 
on the map within ninety miles of circles colomcd 
blue* But there is not a single active volcano within 
several hundred miles of a group, even a small group, of 
atolls ; and it is clear that a group of atolls, surmount*^ 
iiig a number of islands now all sunk beneath the level 
of the sea, implies a much greater amount of subsi- 
dence, than do<^ a single atoll or a single encircling 
bander-reef* It is a striking fact that two volcanos are 
known to Iiavo been in recent action in the Friendly 
Archipelago ; and the islands have here been formed 
by tlie recent elevation of a group of atolls* Again, 
extinct craters and well-preserved streams of lava occur 
on many of the encircled islands in the Pacific, and 
these by our theory have subsided at no very remote 
period ; but although thus plainly formed of volcanic 
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matter 5 they do not offer a single active volcano- In 
these cases tlie volcanos seem to have come into action 
or to have been extingmshed, in accordance with the 
latest movements of elevation or suhBiclence* 

"Withm the limits of onr inap^ active volcanos occur 
on or near other coasts besides those which are fringed 
with reefs and colomed red ; and some of these coasts 
are known to have been upraised within the recent 
period- Tims I have shown in my Greological Observa- 
tions on S4 America (1 846) that the whole western shore 
of this great continents for a space of between 2,000 and 
3,000 miles south of the equator, has under g^one an up- 
ward movement during the period of existing marine 
shells ; and the Andes here form the grandest volcanic 
chain in the world* The islands on the north-western 
side of the Pacihe, forming" the second grandest volcanic 
chain, arc very imperfectly known ; but Lnzon, in the 
Pliilllppines, and the TjOO Choo islands, have been re- 
cently cdcvated ; and at Kamtschatka ^ there are exten- 
sive tertiary beds of modem date* The co -existence 
in other parts of the world, of active volcanos with 
upraised beds of a modem origin, will occur to every 
geologist- Nevertheless, until it could he shown that 
volcanos were absent or inactive in subsiding areas, the 
conclusion that their distribution depended on the 
natiirc of the subterranean movements in progress, 
would have been hazardous. Bitt now, viewing the 



* NELmely, nt Sedanki-, in lat, N. (Von Uiiehs Desc.ript, 
Cfi-Tisirifls, p. 4&6)» 
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appended map, it may, I think, be considered as 
almost established, that volcanos are often present in 
the areas which have lately risen or are still rising, 
and are invariably absent in those which have lately 
subsided or are still snbsicling ; and this, I think, is 
the most important generalisation to which the study 
of coral-reefs has indirectly led med 

On the dimensions and relative positiom of the 
subsiding areas on our map, as imlieated by the pre- 
sence of atolls and barrier^reefs ; and of the rising or 
stationary areas^ as knoim by upraised organic re- 
mains^ or inf ejTcd from the presence of fidnging-^^eefr. 
— The immense surfaces seen on the map, which ac- 
cording to oiu theory, or from the plain evidence of 
upraised remains, have undergone either a downwards 
or upwards change of level within a geologically late 
period, is a highly remarkable fact* The existence of 
continents shows that the areas which have been up- 
raised are immense* Witli respect to South America 
we may feel sure, and with respect to tlie western shores 
of the Indian Ocean we have reason to suspect, that 
this rising is either now actually in progi^ess, or has 
taken place quite recently* By our theory, it may 
safely he inferred that the areas which have lately sub- 
sided arc likewise immense ; or, j udging from the eartli- 
quakes now occasionally felt there, and from other ap- 



* We mfty infer from tliis riil©j that at any place ^here an old formation 
containii intcrstratlfied beds of erupted matter^ tbc surface of the land 
or the bod of the sea, foiniedj at the period of eruption, a rising, at 
least not a subsiding area. 
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pQaxanceSj are still subsiding. The smallness of the 
scale of our map should not be overlooked ; each square 
on it containing 810,000 square mhes* If we take the 
space of oceau from near the southern end of the Low 
Archipelago to the nortliem end of the Marshall Archi- 
pelago, — a length of 4,500 miles, we see that, as far as 
known, every island, excepting Metia, is atoll-formed. 
The eastern and western hoiindaiies of our map are 
continents, and they are rising; the central areas of 
tlie great Indian and Pacific Oceans, are mostly suh-* 
siding ; between them, north of Australia, lies the most 
broken land on the globe, and there the rising parts 
are surrounded and penetrated by areas of subsidence ; ' 
so that the prevailing movements now in progress, seem 
to accord with the present state of the great terrestrial 
and oceanic divisions of the world. 

The blue spaces on the map are nearly all elongated ; 
such as the great north and south line of atolls in the 
Indian Ocean, the space between the barrier-rcefs of 
Australia and Xew Caledonia, the Caroline Archi- 
pelago, &c. Whether adjoining elongated spaces, run- 
ning in different directions, have subsidod by one com- 
mon movement, or independently of each other, we do 
not know. In the case of the Caroline and Marshall 
Archipelagos, situated near each other, but extending 
in different directions, it seems probable that they have 



^ i jsuspect thitt the Ami and Timor-laut I^^lands present an incl tided 
area of anbsfidence, like that of the China Sea; but I have not 
venturetl to colour them Hue, owing to the want of sufficient informa- 
tion. Sec Appendix. 
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subsided iudepcndcntly of eacli oilier; for the McAskill 
Islands,' lying towards t!ie eastern end of the Caroline 
Archipelago, are formed of upraised eorahrock; and we 
thus see that the above two areas of subsidence have 
been at one time interrupted by an area of upbeavaL 
Tlie curved line of elevation formed by the Mariana 
Islands, seems to cross a former line of subsidence pro- 
longed from the Caroline Archipelago ; for the island 
of Fais, apparently an upraised atoll, is situated nearly 
at the point of intersection of the two lines. The 
Sandwich Archipelago is 530 miles in length, from 
Hawaii to the westernmost rocky islet, but is pro- 
longed by numerous reefs to a point 2,000 miles dis- 
tant from Hawaii- The south-eastern end of this long 
line is one of elevation and of volcanic activity ; 
whereas the north-western cud, judging from the 
structure of the reefs, though these are imperfectly 
known, is one of subsidence.^ So that here we ap- 
parently have opposite movements in progress towards 
tlie two extremities of the same long line- The com- 
monest case seems to he a tendency to alternation 
between the areas of subsidence and elevation, as if 
the sinking of one had counterbalanced the rising of 
another. 

The existence in many parts of the world of lofty 
table-land, proves that large surfaces have been upraised 
in mass to a great height above the level of the sea ; 
although in almost every country the highest points 

* Dana, Corals and Coral lif lands, p. 306. 

2 Danuj Corals and Coral Isliiuds, p. 30 7j 355. See also m j Appeudix, 
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consist of np turned strataj or of erupted matter : and 
from the wide spaces over which atolls are scattered, 
although not one pinnacle of land now remains above 
the level of the sea, we may conclude that immense 
areas have subsided to an amount sufficient to bury not 
only any formerly existing lofty table-land, but even the 
heights formed by fractured strata and erupted matter* 
The effects left on the land by the later elevatory 
movements, namely, successively rising cliffs, succes-^ 
sive* lines of erosion, and groat beds of shells and 
pebbles, all requiring time for their prodnetion, prove 
that these movements have been extremely slow* And 
with respect to the whole amount of subsidence neces- 
sary to have produced the many atolls widely scatterccl 
over immense spaces, the movement, as alrea^ly shown, 
must either have been uniform and exceedingly slow, 
or effected by small steps separated from each other by 
long intervals of time, so as to have allowed the reef-con- 
stmeting polypifers to bring up their solid frame-works 
to the surface ; and this is one of the most interesting 
conclusions to which we arc led by the study of coral- 
formations. We have little means of judging whether 
many considerable oscillations of level have usually 
occiuTcd during the elevation of large areas ; but we 
know from clear geological evidence, such as trees still 
standing upright at successive levels and covered hy 
marine strata, that this has frequently been the case ; 
and we have seen on our map, that some of the same 
islands after having subsided, have been upraised ; and 
that others after having been uplifted, have subsided* 
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We may tlierefore conclude that the subterranean 
changes which cause some areas to rise and others to 
sinkj have generally acted in a closely similar manner. 

Recapitidatlon * — ^Tn the three first chapters, the 
principal kinds of coral-reefs were described in detail, 
and they were found to differ little, as far as relates to 
the actual surface of the reef. An atoll differs from 
an encircling harrier-reef only in the absence of lan<l 
uuthin its central expanse; and a barrier ueef ditTers 
from a fringing-reef only in being placed, relatively 
to the probable inclination of its submarine foundation, 
at a much greater distaiico from the land, and in 
the presence of a deep lagoon-like space within the 
reef. In the fourth chapter the growing powers of the 
reef-constructing polypifers were discussed ; and it was 
sho™ that they cannot flourish beneath a very limited 
depth. In accordance with this limit, there is no diffi- 
culty respecting the foundation on wliich a fringing- 
reef is based ; whereas, with barrier-reefs and atolls, 
there is the greatest difficulty on this head in har- 
rier-reefs from the improbability of rock or banks of 
sediment having extended, in every instance, so far 
seaward within the required depth; — and in atolls, 
from the immensity of the spaces over which tlicy are 
interspersed, and the apparent necessity for believing 
that they are all based on mountain- summits, which, 
although rising very near to the surface of the sea, in 
no one instance rise above it* To escape this latter 
admission, which implies the existence of submarine 
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chains of mountains of almost exactly the same Iveight 
extending over many thousand square miles, there is 
but one alternative ; namely, the prolonged subsidence 
of the foundations on which the atolls -first became 
attached, together with tlie upward growth of the 
reef-constnicting corals* On this view every diflSculty 
vanishes ; friuging-rcefs are tlms easily converted into 
barrier-reefs ; and barrier-reefs into atolls, as soon as 
the last pinnacle of land sinks beneath the surface of 
the sea* 

The wall-like structure on the inner sides of atolls 
and barrier-reefs — the bason or ring-like sliape of the 
marginal and central reefs in the Slakliva atolls^ — the 
union of some atolls as if by a ribbon— the apparent 
■disseverment of others — tlie ordinary outline of groups 
of atolls and their forms — are all thus explained. We 
thus understand the occurrence in both atolls and 
barrier-rcefs of portions, or of the whole, in a dead and 
submerged condition, though still retaining the outline 
of a living reef. The existence of breaches through 
barrier-rcefs in front of valleys, though separated from 
them by wide spaces of deep water, can be similarly 
explained. It confirms our theory that we find the 
two kinds of reefs formed through subsidence generally 
situated near each other and at a distance from the spaces 
where fringing-reefs abound. On searching for other 
evidence of the movements assumed by the theory, 
we find marks of change in atolls and in barrier-reefs, 
and of subterranean disturbances beneath them ; but 
from the nature of things, it is scarcely possible to 
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find direct proofs of subsidence, althougli some appear- 
ances are strongly in favour of it* On the fringed 
coasts, however, the frequent presence of upraised 
marine remains belonging to a recent cpocli, plainly 
shows that these coasts have been lately elevated. 

Finally, wlien the two great types of structure, 
namely barrier-reefs and atolls on the one hand, 
and fringing-reefs on the other, are kid down on a 
map, they offer a grand and liarmonioiis pictiu*e of 
the movements which the crust of the earth has 
undergone within a late period. "Wc there see vast 
areas rising, with volcanic matter every now and then 
bursting forth, We see other wide spaces sinking with- 
out any volcanic outbursts ; and we may feel sure that 
the movement has been so slow as to have allowed the 
corals to grow up to the surface, and so widely extended 
as to have buried over the broad face of the ocean 
every one of those mountains, above which the atolls 
now stand like moniiment-s, marking the place of their 
burial. 
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APPENDIX; 

CONTAINING 

A DETAILED DESCRIPTION OP TEH BEEFS AND ISLANDS 
IN THE COLOURED , MiVP, Pj^tr III, 



Tk the beginning of the last chapter I stated tlie principles on 
which the map has been coloured* There only remains to be 
faid, that it is an exact copy of one by M, C. Gressierj pub- 
lished by the Depot G6neral de la Marine, in 18ii5. The 
names have been altered into English, and the longitude has 
been reduced to that of Greenwich. The colours were first 
laid down on accurate charts, on a largo scale. The data, on 
which the volcanos historically known to have been in action, 
have been marked with vermiiion, %vere given in a note to the 
last chapter. I will commence my description on the eastern 
side of the map, and will describe each gronp of islands cort- 
secntively, proceeding 'westward across the Pacific and Indian 
Oceans, and ending with the West Indies* 

The Western Skores of America api>ear to be entirely 
without coral-reefs t eoutli of the equator the survey of the 
Beagle, and north of it the published charts show that this is 
the case. Even in the Bay of Panama, wdicre corals flourish, 
there are no true coral-reefs, as I liave been informed by 
Mr* Lloyd, There are no coral-reefs in the Galapagos archi- 
pelago, as I know from personal inspection ; and I believe 
there are none on the Cocos j lievUki-gigedo, and other neigh- 
bouring islands. Clippertmt rock, 10^ K., W., from a 

drawing appended to a MS, plan in the Admiralty, does not 
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appear to be an atoU, but Sir E. Eclcber (Voyage round the 
World, voL i- 1843, p, 255) speaks of it as of coral-forma- 
tion, with deep water within the lagoon j left imcoloured. 
The eastern part of the Pacific presents an enormous area 
without any islands, except Eu&Hr^ and Gomtz^ which do not 
appear to be surrounded by reefs. 

The Low or Paoiioti) ArEcmpELAGO. — This group consists 
of about 80 atolls : it would bo quite superfluous to refer to 
descriptions of each. In D’Urville and Ijottin’s chart, one 
island ( Wolchonsky) is written with a capital letter, signifying, 
as explained in a former chapter, that it is a high island ; but 
this must be a mistake, as the original chart by Bellinghauscn 
shows that it is a true atolL CapUiin Beechey says of the 32 
gi-oups which he examined (of the greater number of which I 
have seen beautiful MS, charts in the Admiralty), that 29 
now contain lagoons, and he believes the other three originally 
did so, Bellinghaiisen (see an account of this Kussian voyage, 
in the Biblioth, des Voyages, 1834, p, 413) says that fljc 17 
islands which he discovered resembled each other in structure, 
and he has given charts on a largo scale of all of them, Kot- 
zebue has given plans of several ? Cook and Eligh mention 
others j a few w^erc seen during the voyage of the Beagle ; 
and notices of other atolls are scattered through several pub- 
lications, The Actfeon group in this archipelago has lately 
been discovered (Geograph, Journ., voL viL p, 454) ; it 
consists of three small and low islets, one of which has a 
lagoon. Another lagoon-island has been discovered (Naut. 
Mag, 1839, p. 770), in 22^ 4' S, and 136^ 20' W. Dana, 
in Ills work on Corals and Coral Islands, gives a full 
account of this archipelago. Towards the S.E. there are 
some islands of a dilTerent nature : Elizaheth Island is 
described by Beechey (p, 40, 4to, edit.) as fringed by reefs, 
at the distance of between two and three hundi'ed yards ; 
coloured red. Pitcami Island, in the immediate neighbourhood, 
according to the same authority, has no reefs of any kind 
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although numerous pieces of coral are thrown upon tlio beach; 
tbo sea close to its shore is very deep (sec Zool. of Beecliey^s 
VoyagCj p. 164) ; left imcoloured, Oambier Tshuids (see Plate L 
6g, 8) are encircled by a baiTier-reef : tliO greateKt depth 
within is ti8 fathoms; coloured pale blue, M^tm or Aurora 
Island lies N.E. of Tahiti, dose to the lai'ge space coloured 
dark bine in the map ; it has been already described as aji 
upraised atoll ; as it ia said by Captain Wilkes (Narrative of 
U. S* Exploring Expcdidoiij vol. i. p, 537) to be surrounded 
by fringing- reefs, in one part 500 feet in w idth, it has been 
coloured red. But I must remind the reader of the discussion 
in the sixth chapter, showing that if an upraised aioll were to 
subside again, the reef would probably retain for a long time 
or tor ever, its fringing chat actor, owing to the steepness of 
the submarine Hanks, 

The SociETV Auchipelago is separated by a narrow space 
from the Low Archipelago ; imdin Uieir paratlcl direction they 
manifest some relation to each other. 1 have already described 
"the general character of the reef a of these encircled islands. 
In ihe atlas of the Coquiik's Voyage there is a good general 
chart of the group, and sej>arate plans of some of the islands. 

the largest island in the group, is almost suj rounded, 
us seen in Cookes chart, by a reef from half a mile to a mile 
and a half frooi the shore, with from 10 to 30 fathoms within 
it. Some considerable submerged reels, lying parallel to the 
shore, wdth a broad and deep space within, have lately been 
discovered on the N.E. coast of the island, (Xaut. ^lag. 1856, 
p. 261,) where none are laid dowm by Cook. At J^imeo the 
reef, ^ wiiicli like a ring surrounds it, is iu some places one or 
t\vo miles distant from the shore, m otliers united to the 
beach ’ (Eilia, Folynesiaii licseiirches, vol. i. p. 18, 12 mo, 
edit.). Cook found deep whaler (20 fathoms) in some of the 
harbours w'ithin the reef, Mr, Couthouy, however, states 
(Remarks, p. d5) that botli at Tahiti and Eimeo, the space 
betw'een the barrier-reef and the shore has been almost filled 
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i;py— nearly continuous fringing- reef surrounding tiie island^ 
and varying from a few yards to rather more than a mile in 
widtlij the lagoons merely forming canals betwxen this and 
the sea- reef/ that is the harrier-reef Tapanmnoa is siir- 
louiided hy a reef at a considerable distance from the shore ; 
from the island being tmallj it is breached, as I am informed 
by the Eev. W. Ellis, only by a nan ow and crooked hoiit- 
channcl. This is the lowest island in the group, its height 
probably not exceeding oOO feet. A little w'^ay north of Tahiti, 
the low coral islets of Tetui^a arc situated ; from the descrip- 
tion of them given me by the Hcv. J. Williams (the author of 
the Narrative of Missionary Enterprise), I should have thought 
that tliey formed a small atoll, and likewise from the' descrip- 
tion given by the Eev, I). Tyerman and G. Bennett (Jo urn* of 
Voy, and Travels, vol. i. p* 18B), w'ho afiy that ten low coral 
islets ^ are comprehended within one general reef, and sepa- 
rated from each other by' interjacent lagoons; - but as Mr. 
Stutchbury (West of England Journal, voL i. p* 51) describes 
it as consisting of a mere narrow ridge, I have left it un- 
c 0 1 oured . M aitea , eastw ar d of the gix)u p , is cla ssed by F or ster 
as a high encircled island; but from the account given by 
the liev, D* Tyerman and ff. Bennett (vol. i. p. 57) it 
appears to be an exceedingly abrupt cone rising fiorn the sea 
without any reef ; left un coloured. It ’would be superHuous 
to describe the northern islands in this group, as they may be 
well seen in the chart accompanying the 4 to. edition of CooEs 
Voyages, and in the atlas of the CoquiUe's Voyage. Mavrua 
is the only one of the northern islands in which the ’water 
within the reef is not deep, being only 4^ fathoms ; but the 
great width of the reef, stretching three miles and a half south- 
ward of the land (wEich is represented in the drawing in the 
atlas of the CoqnilMfi Voyage as descending abruptly to the 
water), shows, on the principle explained in the beginiiing of 
the last chapter, that it belongs to the barrier class. 1 may 
here mention, from information eommimieated to me by the 
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Kev. W, that on tha N.E* side of Ilmheine there in a 
bank of j?andj about a quarter of a mile wide, extending 
parallel to the if here, and separated from it by an extensive 
and deep lagoon : tljiis bank of mnd rests on coral- rock, which 
undoubtedly was once a living reef. North of Bolabola 
lies the atoll of Toubat (Motou-iti of the CoquUle^s atlas), 
which is coloured dark blue ; all the islands ■wiiioh are sur- 
roimdcd by barricr-rcefs are coloured pale blue i three o£ 
them are represented in figures 3, 4, and 5, in Plate L Tliere 
are three low coral -groups l^dng a little W. of the Society 
Archipelago, and almost forming part of it, namely, Belfin^- 
hauseif^ which is said by Kotzebue (Second Voyage, vol* li. p. 
255) to be a lagoon-island; AU&pehaj which from Cookes descrip- 
tion (Second Voyage, book iti, chap, i,) no doubt is an atoll; 
and the Scill^ Islands, which are ssiid by Wallis (Voyage, 
chap. ix») to form a fjrmp of low islets and shoals, and which, 
there fore, probably compose an atoll : the two former have 
been coloured bine, but not the latter, 

MivXoana oh Mahqlesas Group, — These islands are almost 
entirely desiilute of reefs, as may be seen in Krusenstern’s 
Atlas, making a remarkable contrast with the adjacent group 
ot“ the Society’s Islands. Mr, F, J>, Bennoit has given some 
account of this gioiip, in the seventh volume of the Geograpb, 
Journ* He informs me that all tlio islands have the same 
general character, and that the water is very deep close to 
their shores. He visited three of them, namely, Diyminicajia^ 
CVuvVtm/m, and Roapoa^ their beaches are slrcwed with 
rounded masses of coral, and although no regular reefs exist, 
yet tlie shore in many places line<l by coral rock, so that a 
boat grounds on ihin formation. Hence these islands ought 
perhaps to come ■within the class of fringed islands and be 
coloured red ; but as I am determined to err on the cautious 
side, 1 have left them uncoloured. Dana infers (Corals and 
Coral Islands, p, 325), from their steepness and deeply in- 
dented outline, that they have subsidedf 
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Cook or Harvey and Austral Islands. — Pahmrston Island 
in minutely described as an atoll by Captain Cook dining liis 
voyage iri 1774; it is coloured blue, AitutaH partially 
surveyed by the Beagle (see map accompanying Voyages of 
Adventure and Beagle) ; the land is hilly, sloping gently to the 
beach ; the highest point is 860 feet ; on the southern side, 
the reef projects five miles from the land : olT this point the 
Beagle found no bottom ivith 270 fathoms: the reef is sur- 
mounted by many low coral- islets, I am informed by the 
Eev* J, Williams, that within the reef the water is exceed- 
ingly shallow, not being more than a few feet deep ; never- 
theless, from the great extension of the reef into a profoundly 
deep ocean, this island probably belongs, on the principle 
lately adverted to, to the barrier class, and I have coloured it 
pale blue, although with much hesitation. — Manouai ov Harvey 
Island : the highest point is about 50 feet : the Rev. J, Wil- 
liams informs me that although the reef lies far from the shore, 
it is less distant thanat Aitutaki, but the water within the reef 
is rather deeper : 1 have likewise coloured this island pale 
blue, but with mauy doubts,— Round Mitiaro Island, as I am 
informed by l\Tr, Williams, the reef is attaclied to the sliore; 
coloured ved.—AfauJeij or Maouti : the reef round this island 
(under tlie name of Parry Island in the Voyage of 
Blonde, p, 209) is described as a coral flat, oiily 50 yards 
wide, and two feet under \vater. This statement has been 
corroborated by Mr, ^Villiams, who calls the reef attached; 
coloured red. — Atiu, or Wateeo : a moderately elevated, hilly 
island, like the others of the group ; the reef is described in 
Cookes Voyage as attached to the shore, and about 100 yards 
wide; coloured red. — He7wua-iti: Cook describes this Island as 
very lo\v, not more than six or seven feet in height (vob i. 
hook H. chap, iii, 1777) ; in the chart published in the Co- 
quillds atlas, a reef is engraved close to the shore: this island 
is not mentioned in the list given by Mr, Williams (p. 16) in 
the Narrative of Missionary Enterprise ; nature doubtful ; but 
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aij it lieij so near Atiu, it lias been unavoidably coloured red, — 
Iturotonga : Mr* Williams inlbrms me that this is a lofty 
basaltic islandj with an attached reef ; coloured red,— There are 
three other islands, Eourovtij Rowburgh^ and II all, of which I 
have not been able to obtain any account, and have left them 
uncolourcd* Hull Island, in the French chart, is written wdth 
small letters as being low. ^Mangaia : height about 300 feet ; 
* the surrounding reef joins the shore ’ (Williams’s Narrative, 
p, 18); coloured red, — Emetm'a: Mr. Williams informs me 
that the reef is rather dose to the shore ; hut, from informa- 
tion given me by Mr, Ellis, the reef docs not > appear to be 
quite so closely attached to it as in the foregoing cases : the 
island is about 800 feet high (Naut, Jlag, 1889, p, 788) ; 
coloured red, — Em'utu Mr, Williams and Mr. Ellis inform 
mo that this island has an attached reef; colimred red* It is 
described by Cook under the name of Oheteroa : ho says it is 
not surrounded like the neighbouring islands, by a reef; but he 
must mean a distant reef, — Toubouai : in Cook’s chart {Second 
Voyage, vol, ii, p, 2) the reef is laid down in a part at the dis- 
tance of one mile, and in another part at the distance of two 
miles from the shore; Mr, Ellis (Poly nos, Ecs* vol, iii, p, 881) 
says the low land round the base of tlie island is very extensive ; 
and this gentleman informs me that the water within the 
. reef appears deep ; coloured blue, — TSaiVuiVai, or Yivitao : 
Mr. Williams informs me that the reef is here distant from 
the shore; Mr, Ellis, however, ssiys that this is certainly 
not the case on one side of the island ; and lie believes that 
the water within the reef is not deep; hence I have left it 
uncoloure d*“Xanca.tf^ Reef, described in Naiit* Mag, 1833 
(p, (593), a.s an extensive crescent dorm ed coral-reef, lias not 
been coloured , — Rapay or Oparreer trom the accounts given 
of it by Ellis and Vancouven tliere docs not appear to be 
any reef — /, de is an adjoining island, of which I can- 

not find any account,— Island : Krnsenstcni seems hardly 
to know its position, and gives no further particulars. 
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Islands bktween the Low and Gilbert Archipelugoes. 

Ca^'olint Isbud (10® S., 150® W.) is described by Mr. F, D, 
Bennett (Googniph. Journ. vol* vii. p. 225) ae containing a fine 
lagcon; coloured blue. Westward of Caroline Island, a small 
lagoon-island is described in the U. 3. Exploring Expedition 
in lat, 10® 3. and 152® 22' W. long, ; coloured bluc .^ — Flint 
Island (11® S., 151® W.) : Krusenstem believes that it is the 
same with Peregrino^ which is described by Quires (Burney *s 
Chron, Hist. vol. li. p, 2S3) as cluster of small islands 
connected by ii reef, and forming a lagoon iu the middle ; ' 
coloured blue- — TFos^ocJt is an island a little more than half a 
mile iu diameter, and apparently quite flat and low, discovered 
by Bcliiughausen; it is situated a little west of Caroline Island, 
but it is not placed on the French charts ; I have not coloured 
it, although 1 entertain little doubt from the chart of Bell- 
ingbausen, that it origimilly contained a small lagoon, — Pcii- 
rhifii Islimd (0® S., 1 58° W.) : a plan in the atlas of the First 
Voyage of KotKcbue, shows that it is an atoll, which accord- 
ing to Wilkes (U. S, Exploring Expedition, voL iv* p, 277) is 
nine miles in length ; coloured blue . — ^Skttbuck Island (5® S., 
156® W.) is described in Byron’s Voyage in the Blonde 
(p. 206) as formed of a flat coral-rock, with no trees ; tim 
height not given ; not coloured ,* — MaMm Island (4® S,, 154® 
W.) : in the same Voyage (p, 205) this island is said to be of 
coml formation, and no part above 40 feet high ; I iiavc not 
ventured to colour it, although from being of coral formation, 
it is probably fringed ; in which case it sliould be red, — 
Jarvis^ or Bunker Island (0® 20' S,, 160® W.) is described by 
Mr. F. D. Bennett (Geograph. Journ, voh vii, p. 227) as a 
mirrow', low strip of coral formation; not coloured * — -Brook is 
a small, low island between the two latter ; its position, and 
perhajis even existence is doubtful ; not coloured . — Pescado 
and IPtmphreg Islands : I can find out nothing about these 
islands, except that the latter appears to be small and low ; 
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not colouTed.^Eearson^ or Grand Bnke Alexander's (10° S., 
161® W.) : an atoll, of which a plan is given hj EelHng- 
hausen; hlm.—Souvoroff Islands (IS° S, 163® V.): Ad- 
miral ICriisenstern, in the most obliging manner , obtained for 
me an account of these islands from Admiral LazarefF, who 
discovered tliem* They consist of hve very low islands of 
coral forma tion, two of “which are connected by a reef, with 
deep water close to it. They do not surround a lagooUj but 
arc so placed that a line drawn through them includes an ova] 
space, part of which is shallow ; these islets, therefore, probably 
once (as is the case with some of the islands in the Caroline 
Archipelago) formed a single atoll; but I have not coloured them. 

Danger" Island (10° S*,166® W*) : described as low by Com- 
modore Byron, and more lately surveyed by Eellinghausen ; it 
is a small atoll ivith three islets on it ; blue.— Island 
(9® S.j 172° W.) ; discovered in the Pandora (G, Hamilton's 
Voyagej p. 75) : it is said, ^ In running along the land, we saw 
several canoes crossing the lagoons ; ' as this island is in the 
close vicinity of other low islands, and as it is said that the 
natives make reservoirs of water in old cocoa-nut trees (which 
show-s the nature of the land), I have no doubt it is an atoll, 
and have coloured it blue. — York Island (8® S., 17 2"^ W.) is 
described by Commodore Byron (chap. x. of his Toy age) as 
an atoll; blue . — Sgdneg Island (4° S., 172® W.) is about three 
miles in diameter, with its interior occupied by alagoon{ Captain 
Tromelin, Annal Marlt 1829, p, 297) ; coloured blue . — Bull 
Island is situated 60 miles to the west of Sydney Island, and 
is described by Wilkes (U. 8. Exploring Expedition, vol. iii,, p. 
369) as a lagoon-island ; coloTired blue . — Phamtx Island (4® S., 
171® ¥v^,) is nearly circular, low, sandy, not more than two 
miles in diameter, and very steep outside (Tromelin Aimal, 
Marit. 1829, p. 297) : it may be inferred that this island 
originally contained a lagoon, but I have not coloured it,^ — 
Bew Nantucket (0° 15^ H., 174® W.) : from the French chart 
it must be a low island ; I can find nothing more about it, or 
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iU>out Mari^ Island ; both uncolcured, — Gardner Island (5® E>,, 
174® ^V.), from its position, is certainly the same as Kemm 
Islands and is described (Kmsenstcnij p. 435. Appen. to Mem. 
published 1827) as having a lagoon in its centre i coloured blue* 



Islands south of the Sandwich Archipelago* 

Christmas Island (2® N.j 157® W.) : Captain Cook, in his 
Third Voyage (vob ii. chap* k:*), hag given a detailed account 
of this atolL The breadth of the islets on the reef is un- 
usually great, and the sea near it docs not deepen so suddenly 
as is generally the case. It lias more lately been visited by 
Mr. F, D. Bennett (Geograph. Journ. voL vh, p. 22C) ; and 
he assures me that it is low and of coral formation : I par- 
ticularly mention this, because it is engraved with a capital 
letter, signifying a high island, in B^Urvillc! and Lottin^s chart. 
Mr. Couth 011 }^, also, has given some account of it: (Remarks, 
p. 40) Ifom the Hawaiian Spectator; he believes it has lately 
undergone a small elevation, but his evidence does not appear 
to me satisfactory ; the deepest part of the lagoon is said to 
be only ten feet ; nevertheless, I have coloured it bluc.^ — Pan- 
ning Island (4® N,, 158® W,), according to Captain Tromelin, 
(Ann. ^laritim. 1825, p, 283), is an atoll : his account, as 
observed by Krusen stern, differs from that given in Fanning’s 
Voyage (p. 224), which, however, is far from clear ; coloured 
blue. — Washington Island (4® N., 159® W.) is engraved as a 
low island in D’Urville’s chart, but is described by Fanning 
(p. 220) as having a much greater elevation than Fanning 
Island, and hence I presume it is not an atoli ; not coloured. — 
Palmpra Island (G® N., 102® W.) is an atoli divided into two 
parts (Krusenstem’a Mem. Buppl. p. 50, also Fanning’ a 
Voyage, p. 233) ; blue. — Smgth^Sf or Johnston’s Islands (17® 
N., 170® W.): Captain Smyth, E.N., has had the kindness to 
inform me that they consist of two very low small islands, 
with a dangerous reef off the east end of them ; Captain 
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Smyth docs not recollect whether these Islets^ together with 
the reef, surrounded a lagoon ; uncoloured* 

Sandwicm AKCiiiPELAGO. — Hawaii : in the chart in Frey- 
ci net’s Atlas, smalt porti<ms of the coast are fringed by reefs ; 
and in the accooipanying Hydrog, Memoir, reefs are mentioned 
in several places, and the coral is said to injure the cables; but 
Ban a saw hardly any reefs here. On one side of the islet of 
Kohaihai there is a bank of sand and coral with five feet 
of water on it, running parallel to the shore, and leaving a 
channel of about fifteen feet deep wuthin. 1 have coloured 
this island red, but it is very much less perfectly fringed than 
others of the group. — Mam: in Freycinet’s chart of the 
anchorage of Eaheina, two or three miles of coast are seen to 
be fringed j and in the llydrog. Memoir ^ banks of coral 
along shore ’ are spoken of. 31 r. F. D* Bennett informs me 
that the reefs, on an average, extend about a quarter of a 
mile from the beach ; the land is not very steep, and out- 
side the reefs the sea does not become suddenly deep ; 
coloured rod* — AWorotoi^ I prcHume, is fringed : Freyciiiet 
speaks of the breakers extending along the shore at a little 
distance from it. From the chart, I believe it is fringed ; 
coloured red, — Oahu : Frcycinet, in his llydrog* Memoir, 
mentions some reefs. Mr. F, 1). Bennett informs me that 
the shore is skirted for forty or fifty miles in length. There 
is even a harbour for ships formed by the reefs, but it is at 
the mouth of a valley ; red. — Atooi\ in La Fey rouse’s chart^s, 
is represented as fringed by a reef, in the same manner as 
Oalm and Morotoi ; and this, I am informed Ijy Mr. Ellis, 
is of coral -formation on part at least of the shore : the 
reef does not leave a deep channel within ; red . — Oncehow : 
Mr, Ellis believes that this island is also fringed by a coral- 
reef : considering its close proximity to the other islands, I 
have ventured to colour it red. I have in vain consulted the 
works of Cook, Vancouver, La Pey rouse, and Lisiansky, for 
any satisfactory account of the small islands and reefs which 
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lie scattered in a NAV. line prolonged Tor a great diatance from 
the Sandwich group, and hence have left them uneoloured, 
with one exception ; for I am indebted to Mr. F. D, Bennett 
for informing me of an a toll -formed reefj in lat, 28 '2'2% 
long. 178* W., on which the Gleds tanas waa wrecked in 

1837. It ia apparently of large and extends in a NAV. 
and S.E. line : very few islets have been formed on it. The 
lagoon seems to be shallow ; at least, the deepest part which 
was surveyed was only three fathoms. Mr. Couth ouy (Re- 
Tnarks, p. 38) describes this island under tlie name of Ocean 
Island. Con.'^iderable doubts should be entertained regarding 
the nature of a reef of this kind, ivith a very sliallow lagoon, 
and standing far from any other atoll, on account of the possi- 
bility of a crater or flat bank of rock lying at tlie proper depth 
beneath the surface of the water, having afforded a founda- 
tion for a ring-formed coral-reef I have, however, thought 
myself compelled, from its large mm and symmetrical outline, 
to colour it blue. Some information and references are 
given by Dana (Corals and Coral Islands, p. 324, 305) with 
respect to the reefs and isIetB extending for 2,000 miles in a 
NAV. line from Ilavraii. 

Samoa or Navigator Group.— Koteebue, in his Second 
Voyage, contrasts these islands with many others in the 
Pacific, in not having harbours for ships, formed by distant 
coral-reefs. The Rev. J. Williams, however, informs me 
that coral-reefs do occur in irrcgulxu' patches on the shores ; 
but that they dp not form a continuous band, as round Mangtiia, 
and other such perfect cases of fringed islands. From the eluirts 
accompanying La Pey rouse’s Voyage, it appears that the north 
sliore of iSavauj Maouna, OroBinga^ and Manua are fringed by 
reefs. La Pejroiise, speaking of Miioima (p. says that 

the coral-reef surrounding its shores almost touches the 
beach, and is breached in front of- the little coves and 
streams, forming passages for canoes, and probably even for 
boats. Further on (p. 159) he extends the same observation 
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to all the islands ivliich he vi 5:1 ted .—Mr* WiLLiams in his 
Karrativej speaks of a reef going round a small island attached 
to O^olava^ and returning again to it : all these islands have 
been coloured red.— A chart of Rose Island, at the extreme 
vest end of the group, is given by Freycinet, from vliich I 
should have thought that it had been an atoll ; but according 
to Mr* Couthouy {Itemarlia, p, 4S) it consists of a reef, only a 
league in circuit, surmounted by a very few low islets ; the 
lagoon is very shallow, and is strewed ivith numerous largo 
boulders of volcanic rock. This island, thereforo, probably 
conaista of a bank of rock, a few feet submerged, with tlie 
outer margin fringed with reels ; hence it cannot be properly 
classed with atolls, in which, as wc have reason to believe, the 
foundations always lie at a depth greater than tliat at which 
the reef -constructing polypi fers can live ; not coloured. 

Jieveridge Keef, 20® S*, 167® W., is described in the Naut* 
Mag. (May 183^, p. 442) as ten miles longmaN.and S. line, 
and eight wide ; ‘ in the inside ol' the reef, there appears deejj 
water ; ’ there is a passage near the 8. W. corner ; this there- 
lore seems to be a submerged atoll, and is coloured blue. 

Savage Island, 19® 8., 170® W*, has been described by Cook 
and Forster. The younger Forster (voL ii* p. 168) says it 
is about 40 feet high : he suspects that it contains a low 
plain, which formerly "was the lagoon. The Eev, J. Williams 
gives 100 feet as its height, and he informs me that the reef 
fi'inging its shores, resembles that round Mangaia ; coloured 
red. 

Fiuenolt Aecmipelago. — Pgktaart Island : judging from 
the chart in Freycinet’s Atlas, I should have supposed that it had 
been regularly fringed j but as nothing is said in the Ilydrog. 
Memoir (or in the Voyage of Tasman, the discoverer) about 
coral-reefs, I have left it iin coloured. — Tongatahou : in the 
atlas of the Voyage of the Astrolabe^ the whole south side of 
the island ia represented ua narrowly fringed by the same reef 
which forma an extensive platform on the northern side. The 
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origin of this latter reef, which might Imve been mistaken for 
a barrier- reef, has already been attempted to be explained, 
Avhen giving the proofs of the recent elevation of this island. 
— In Cook’s charts the little outlying island of Eoaig^e is 
represented as fringed ; coloured red , — Eoua : I cannot make 
out from Captain Cook’s charts and descriptions, that this island 
has any reef, although the bottom of the neighbouring sea 
seems to be covered with corals, and the island itself is formed 
of coral*rock* Forster, liowever, distinetly (Observations, 
p, 14) classes it with tlie high isJands having reefs, but it 
certainly is not encircled by a barrier-reef; and the younger 
FoTSter (Toy age, vol. i. p. 42G) says, that ^ a bed of coral 
rocks enrixiimded the coast towards the landing-place I 
have therefore classed it vvith the fringed islands, and coloured 
it red. Dana also shows (Corals and Coral Islands, p. 3S7) 
that most of the islands of this group are formed of upraised 
coral-rock. The several islands lying N.W, of Tongatabou, 
namely Anaraouka^ Komangoy Kotou^ Lefouga^ Foa^ &c., arc 
seen in Captain Cook’s chart to bo fringed by reefs, and several 
of them are connected together. From the various statements 
in the first volume of Cook’s Tliird Voyage, and especially 
in Chapters lY, and VI., it appears that these reefs are 
of coral, and certainly do not belong to the barrier class ; 
coloured red.^ — Tmfoa and Kao^ forming the western part of 
the group, according to Forster, liavo no reefs ; the former 
is an active volcano , — Vavao : there is a chart of this 
singulariy-fonned island, by Espino^ja : according to Mr, 
Williams it consists of coral-rock : the Chevalier Dillon 
informs me that it is not fringed; not coloured, Kor are 
the islands of Latte and Amargu?'a coloured, for I have not 
seen plans of them on a large scale, and I do not know whether 
they are fringed : Amargnra is said (Athenseum, 1848, p. 40) 
to have been lately in violent eruption. 

FiouJta, 16^ S., 174® W*, or Kep 2 ?€l Island of Wallis, or 
Cocos Island : from a view and chart of tins island, given in 
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Wallis's Voyage, (4lo, edit) it is evidently encircled by a 
reef; coloured blue. It is, however, remarkable that Bos- 
caweii Island, immediately adjoining, has no reef of any kind ; 
uncolonred. 

Walih Island, 13® S-, 17G® W, : a chart and view of this 
island in Wallis’s Voyage (4to, edit,) shows that it is endrded, 

A view of it in the Naut. Mag. July 1833, p. 37f), shows the 
same fact. Nine islands, most of them high, are said in 
Wilkes U, S. Exploring Expedition (vok ii, p. 157) to bo 
enclosed within the same reef, through which, it is asserted, * 
ships can enter : coloured blue* 

AUoufatmit or Tfom Island, OnmtafUj or Proi^ff Island, 
and Hunter Islands, lie between the Navigator and Fidji 
groups. 1 can find no distinct accounts of them* 

Fidji or Feejkk ok Viti Gimup. — Until lately the best 
chart of the numerous islands of this group, was that in 
the Atlas of the Astrolahe\s Voyage ; but now the islands 
have bcieii surveyed during the U. S. Exploring Expedition, 
and full information respecting them and the reefs has been 
given by Dana. Many of the islands are bold and mountain- 
ous, and arc surrounded by reefs, lying far from the land, and 
outside the ocean appears very deep. The Astroiabe sounded 
with 90 fathoms in several places about a mile from the reefs, 
and found no Iwttom* It is evident that the water within 
many of the encircling reefs is deep : as indeed I was fomierly 
assured was the case by Dillon* Beyond the higli and en- 
circled islands there arc numerous atoll -formed reefs* Hence 
the whole group has been coloured blue* In the S*E* part 
lies Batoa^ or Tut^tle Island of Cook (Second Voyage, vol. ii* 
p. 23, and chart j 4to. edit), surrounded by a coral-reef, ^ which 
in some places extends two miles ftom the shore;’ within the 
reef tlie w'ater appears to be deep, and outside it is unfathom- 
able ; coloured pale blue* At the distance o£ a few miles, 
Captain Cook (ibid. p. 24) found a circular coral-reef, four or 
five leagues in circuit, with deep water ivitbin ; ^ in shorty 
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the bank wiints only a few little islets to make it exactly like 
one of the half-drowned isles so often mentioned/ — namely , 
atolls. South of Batoa lies the high island of Ono, which 
appeal's in Beliinghansen's Atlas to be encircled ; as do some 
other small islands to tiie south ; coloured pale blue : near 
Ono, there is an annular reef, quite similar to the one Just 
described in the words of Captain Cook ; coloured dark blue. 

Roloumah, 13° S., 179° E. — From the chart in Duperrey’s 
Atlas, I thought that this island was encircled , but the 
Chevalier Dillon assures me that the reef is only a shore or 
fringing one ; coloured red. 

Inchp^ndence Island, 10* S., 170° E., is described by Mr. G. 
Bennett (United Service Journ. 1831, ixiit ii. p. 197) as a 
low island of coral formation ; it is small, and does not 
appear to contain a lagoon, although an opening through 
the reef is referred to. A lagoon probably once existed, and 
has since been filled up ; left uncoloured. 

Eluce Geouf. — O&car^ and Ellioe Islands arc 

figured in Arrowsniitli’s Cliart of the Pacific (corrected to 
1832) as atoHs, and arc sidd to be very low; blue.— 
landhch Island : I am greatly indebted to tbe kindness of Admi- 
ral Krusenstern, for sending me the original documents con- 
cerning this island. From the plans given by Captains Ecg 
and Kliremtshenko, and from the detailed account given by 
the former, it appears that it is a narrow coral-island, about 
two miles long, containing a small lagoon. The sea is very 
deep close to the shore, which is fronted by sharp coral-rocks. 
Captain Eeg compares the lagoon with that of other coral- 
islands ; and he distinctly says, the land is * very lowf I 
have therefore colom^ed it blue. Admiral Krusenstern 
(Memoir on the Pacific, Append, 1835) states that its 
sliores are 80 feet high; this probably* arose firora the height 
of the cocoa-nut trees, mtlj \sdiich it is covered, being 
mistaken for land. — Grand Coetd is said in Krusenstern’a 
Jlemoir to be low, and to be surrounded by a reef; it is 
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amall, a^icl therefore probably once con tamed a lago on ; nn- 
coloured.— Atif/tistin : from a chart and view of it, 
given in the Atlas of the CoqttiUe*s Yoyage, it appears to 
be a small atoll ^ with its lagoon partly filled np ; coloured 
blue. 

Gilbert GHoup.-^The chart of this groupj given in the 
Atlas <^f the Coquille^s Voyage, shows that it is composed of 
ten well-cliaRicterizedj but very irregularly shaped atolls* 
In D ^ Ur VI Jle and Lottin's chart, Sydenham is ■written witli 
a capital letter, signifying that it is high ; but this certainly 
is not the case, for it is a perfectly characteri7.cd atoll, and a 
sketch, showing how low it is, is given in the CoquUiB's Atlas, 
Some narrow strip -like reefs project from the southern side of 
I}rnmmand atoll, and render it irregular. The southern island 
of the group is called Chasi (in some charts, Motches) ; of this 
I can find no account, but Sir, F. D. Bennett discovered 
(Geograph. Journ, vob vii, p. 229) a low e;xtensive island in 
nearly the same latitude, about tlirce degrees wcstwai^d of the 
longitude assigned to Eotclies ; and this probably is tlie same 
island. ^Ir, Bennett informs me tliat the man at the mast" 
head reported an appearance of lagoon- water in the centre ; 
and, therefore, considering its position, I have coloured it blue* 
— Island, at the extreme northern point of the group, is 
left uncoloured, as neither its exact position or nature is 
known* — B^ron Island, which lies a little to the eastward, does 
not appear to Lave been visited since Commodore Byron's 
Voyage, and it was then seen only h'^om a distance of 18 
miles ; it Is paid to be low ; uncoloiircd, 

Ocean j Pleasafit^ and Atlantic Islands all lie considerably 
to the west of the Gilbert group : I have been unable to find 
any distinct account of them. Ocean Island is written with 
small letters in the Frendi chart, but in Krusenstem’s ^lemoir 
it is said to be high. 

Marshall Gnour, — We arc well acquainted with this 
group from the excellent charts of tlic separate islands, made 
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during tlic two voyagea of Kotzebue : a redueed one of tlic 
\^'bole group may be seen in Kru^en stem’s Atla% and in 
Kotobue’s Second Voyage. The group consists (with the ex- 
ception of tvro Huh islands which probably have had their 
lagoon filled up) of a double row of 23 large and weli-clmrac- 
t crimed atolls, irom the examination of which Chamisso drew 
up Ilia well-known account of coral formations. 1 include in 
this group Gaspar-^RkOj or Cornwallis Island, which is de- 
scribed by Chamisso (Kotzebue’s First Voyage, vol iii. p, 179) 
‘ as a low sickle-formed group, with mould only on the wind- 
Tvard side.’ Caspar d Island is considered by some geographers 
as a distinct island lying N.E, of tlie group, but it is not en- 
tered in the chart by Krusenstern j left uncoloured. In the 
8.W, part of this group lies Baring Island, of which little is 
knowTi (see Krusenstem’s Appendix, 1835, p> 149). I have 
left it un coloured ; but Boston Island I have coloured blue, as 
it ia described (ibid.) as consisting of 14 small islands, which, 
no doubt, inclose a lagoon, as represented in a chart in the 
Coquiiys Atla.s. — Tw^o islands, Am' Kawei^ and Gaspav Itico^ 
arc written in the French chart wdth capital letters ; but this 
is an cn'or, for from the account given by Chamisso in Kotze- 
bue’s First Voyage, they arc certainly low. The nature, posi- 
tion, and even existence, of the shoals and small islands north 
of the Marshall group arc doubtful, 

New' Hehiudes. — Any chart, on even a small scale, of these 
islands will show that tlicir shores are almost without reefs, 
presenting a remarkable contrast with those of New Caledonia 
on the one hand, and the Fidji group on the otlicr. Never- 
theless, I liave been assured by Mr. Gi, Bennett, that coral 
grows vigorously on their shores ; as, indeed, will bo further 
shown in some of the following notices. As, thorcrore, these 
islands are not encircled, and as coral grows vigorously on their 
shores, wc might almost conclude, without further evidence, 
that they are fringed, and hence I have applied the red colour 
with rather greater freedom than in other instances. — Afutthew's 
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Rock, an active volc^o, someway soutlv of the group (of which 
a plan is given in Atlas of tlie Astrolabe^ a Voyage) does not 
appear to have reefs of any kind about it, — Annatmn^ the 
south ern most of‘ the Hebrides r from a rough woodcut given 
in the Umtod Service Journal (1831, part lib p, 190), accom- 
panying a paper by Mr. Bennett, it appears that the shore Is 
fringed ; coloured red. — Tanna : Forster, in his Observations 
(p. 22), says Tanna has on its shores coral-rock and madre- 
pores ; and the younger Forster, in his account (voL ii. p. 2(i0), 
speaking of the harbour, says the whole S.E, side consists of 
coral-reefs, which are overflowed at high water : part of the 
southern shore in Cook's chart is represented as fringed ; 
coioiired red. — hrimer is described (United Service Journ. 
1831, part lii. p* 192) by Mr^ Bennett as being of moderate 
elevation, with cliffs appearing like sandstone ; coral grows in 
patches on its shore, but I have not coloured it ; and I mention 
these facts because Immcr might have been thought, from 
Forster's classification (Observations, p. 14), to have been a 
low island, or even an 3>tolL—£^rivriUmgo Island : Cook (Second 
Voyage, vol. ii. p. 45, 4to* edit) speaks of rocks everywhere 
linififf the coast, and the natives offered to liaul his boat over the 
breakers to the sandy b^cli : Mr. Bennett, in a letter to tlie 
editor of the Singapore Chroin, alludes to the reejs on its shores. 
It may, I think, be safely inferred from these passages that the 
shore is innged in parts l>y coral-reefs ; coloured red^Sand- 
wich Island : the east coast is said (Cook's Second Voyage, 
voL ii. p.41) to be low, and to be guarded by a chain of breakers. 
In the accompanying chart it is seen to be fringed by a reef ; 
coloured red . — MalltcoUo : Forster spealcs of the rGef-bounded 
shore : the reef is about 30 yards W'ide, and so shallow that 
a boat cannot pass over it, Forster, also, (Observat. p. 23,) 
says that the rocks of the sea-shore consist of miidrepore. In 
the plan of Sandwich harbour, the lieadlands are represented 
as fringed ; coloured red.— Awrora and Pentecost Islands, ac- 
cording to Bougainville, apparently have no reefs j nor has the 
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large island of S* ^spiritUj nor Bligh Islandj nor Banks* laJaads^ 
which latter lie to the N*E. of the Hebiidea* But in none of 
these cases have I met with any detailed aceoimt of their 
shores, or seen plans on a large scale j and it will be evident 
that a hinging-reef of only thirty, or even a few hundred yards 
in width, is of so little importance to navigation, that it wdll 
seldom be noticed, excepting by chance ; and hence I do not 
doubt that several of these islands, now left imcolonred, ought 
to be red. 

Santa- Caoz Quoup^ — Vanikoro (Fig. 1, Plate I.) olTcrs a 
striking esamplo of a barrier-reef : it was first described by 
the Chevalier Dillon, in his Voyage, and was surveyed in the 
Astrolabe ; colour ed pale blue.— and Fataka Islands 
appear, from the desciiptions of Dillon and D*Urv01c, to have 
no reefs: Anouda is a low, fiat island, surrounded by cliffs, 
(Astrolabe. Hydrog. and Kmsen stern Mem. voL ii, p. 432) ; 
these are un coloured. — 2'oupoua (Otooboa of Dillon) is stated 
by Captain Tromelin (Annalcs Marit, 1829, p. 289) to be al- 
most entirely included in a reef, lying at the distance of two 
miles from the shore. Tliere is a space of three miles without 
any reef, which, although indented with bays, oflbrs no anchor- 
age Irom the extreme depth of the water close to the shore ; 
Captain Dillon also speaks of the reefs fronting this island ; 
coloured blue. — Santa Cruz : I have carefully examined the 
works of Carteret, Dentrecasteaux, Wilson, and Tromelin, and 
1 cannot discover any mention of reefs on its sliores ; left nn- 
coloured.— is a constantly active volcano without 
reefs. — Mendana Isles (mentioned by Dillon under the name 
of Mammeej d:c.) are said by Knisenstern to be low, and in- 
tertwined with reefs. I do not believe they include a lagoon ; 
I have left them uucoloured, — Dili's Islands compose a small 
group directed in a N.W. and S.E. band ; they are described 
by Wilson (p. 296, Miss. Voy. 4to. edit.) as formed by bold 
peaked land, with the islands surrounded by coral-reefs, ex- 
tending about half a mile from the shore : at the distance of 
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a milo from the reefs he foimcl only seven fatlioms. As I have 
no rest son for supposing there is deep water within these reefs, 
1 have coloured them ved^'^Ke/med^ J stand , N.E, of Dutt'^s: 
r have been unable to find any account of it, 

IfEw Caledonia,- — The great banier-ieefa on tho shores of 
this island have already been described (Fig. 5, Plate II,)* 
They have bt*en visited by Labillardi^rej Cookj and tlie 
northern point by D^UrviOe i this latter part so closely resem- 
bles an atoll that I have colom^ed it dark blue. The 
group is situated to the east of Kew Caledonia ; some at least 
of the islands are formed of upraised coral-rock, and are 
fringed with living reefs j see Kev* W, B* Clarkoj in Journal 
of Geolog, Soc* 1847, p* 61 ; coloui'ed red* North of this 
group there are some extensive low reefs (called Astrolabe 
and Beanprtfjf which do not seem to be atoll-formed : these 
arc left un coloured. 

Austral I AK Barrie r-Eeef, — ^Tliis great reef, which has 
already been described, fjas been coloured from the charts of 
Flinders and King, Jukes has given many details respecting 
it in the Voyage of H.M.S. (voL i* 1847, chap, xiii.). In 
tlie northern parts, an atoM- formed reef, lying outside the 
barrier, has been de^ribed by Bligh, and is coloured dark 
blue* In the space between Australia and New Caledonia, 
called by Flinders the Corallian f^ea, there are numerous reefs. 
Of these, some are represented in Krusenstem’s Atlas as having 
an atoll-likc striicture j namely, BainjUon Shoal, FredeHey 
Vine or Horse- shoe, and Alert Keels ; these have been coloured 
dark blue* 

Loutsiade* — T he dangerous reefs w'hicli front and surround 
the ^ve stern, southern, and northern coasts of this so-called 
peninsula and archipelago, seem evidently to !>elong to the 
barrier cla,ss* The land is lolly, with a low &'inge on the 
coast; the reefs are distant, and the sea outside them pro- 
foundly deep. Nearly all that is knowii of tins group is de- 
rived from the labours of Dentrecasteaux and Bougainville : 
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tlie latter has represente<l one contiimoiis reef 00 miles 
long, parallel to llie shore, an<l in places as miicli as 10 miles 
from it I oolonrod pale blue. A little distance northward, we 
have the Jjaughl^m Islands, the reefs round which are engraved 
in the Atlas of tlie Voyage of the Astrolab^^ in tlie eame man- 
ner as round the encircled islands of the Caroline Archipelago : 
the reef iSj in parts, a mile and a half from tlie shore, to which 
it does not appear to be attached ; colottred bine* At somo 
little distance from the extremity of the Louisiado lies 
Eeef, described in G* Hamilton's Voyage in I L1VX»S. 

(p. 100): it is said, *We found we had got embayed in a 
double reef, which will soon be an island/ As this statement 
is only intelligible on the supposition of the reef being crescent 
or horse-shoe formed, like so many other submeiged annular 
reefs, I have ventured to colour it bine, 

Salomax Auceipklago, — ^The chart in Krusenstern's Atlas 
tihows that these islands are not encircled ; and as coral appears, 
from the worlds of Sur villa, Bougainville, and Labillardi^ro, to 
grow on their shores, this circumstance, as in the case of tho 
Kew Hebrides, is a pi^csumptiou that they arc fringed, I 
cannot find out anything from Bentrecastcaux^s Voyage, re- 
garding the soutliern islands of the group, so have left them 
uncolourcd . — Malagta Island, in a ro^jgh MS, chart in tlie Ad- 
miralty, has its northern shore fringed. — -Y^ubel Island : the N. 1*3, 
jiart of this island, as shown in the same chart, is also fringed ; 
Mendaua (Burney, voL i* p, 280), speaking of an islet adjoin- 
ing the northern coast, says it is sujTOUndcd by reefs : the 
shores, also, of Port Praslin appear regularly fringed, Ohoiseul 
Maud : paits of die shores are fringed by eorai-rccfs, in Bou- 
gainville’s chart of Choiseul Bay , — Bougainviik Island: accord- 
ing to Dcntrecastcaux, the western shore abounds with coral- 
reefs, and the smaller islands are said to be attached to tho 
larger ones by reefs ; all the above-mentioned islands have been 
coloured red , — Bmtka Islands: Captain Huperrey has kindly 
informed me in a letter, that he passed close round the northern 



The Complete Work of Charles Darwin Online 



PACIFIC OCEAX, 



219 



side of this isknd (of which a plan is given in his Atlas of the 
Ooquille^s Voyage), and that it was ^ garnie d’une bando de 
rt^cifs fleur d’eau adh^rentcs an rivage ; ’ and he iniers, from 
the abundance of coral on the islands north and south of 
Bouka, that the reef probably is of coral \ coloured red. 

OfP the north coast of the Salomaii Archipelago tliere are 
several small groups wliich are little known : they appear to 
be low, and of coral formation ; and some of them probably 
have an atoll -like structure : the Chevalier Dillon, however, 
informs me this is not the case with the B, dc Candelana .^ — 
Outong Java^ according to the Spanish navigator, Maurelle, is 
thus characterized 5 but this is the only one, which I have 
ventured to colour blue, 

Kew Ireland.— iflie shores of the S.W. point of this 
island and some adjoining islets, are fringed by reefs, as may 
be seen in the Atlases of the Voyages of the Coquille and 
Asl7'olahe. M. Lesson observes that the reefs are open in 
front of each streamlet. The Duke of Yorlds Island is also 
fnngcd ; but with regard to the other parts of New Ireland^ 
Neiv Hanover^ and tito small islands lying northward, I have 
been unable to obtain any information. I will only add that 
no part of New Ireland appears to be fronted by distant reefk 
I have coloured red only the above specified portions. 

Nicw Britain and the Northern Shore of New GtUinea.— 
From the charts in the Voyage of the Astrolabe^ and from the 
Ilydrog. Memoir, it appears that these coasts ai'e entirely 
without reefs, as ar e the Schouton Islands, lying close to the 
northem shore of New Guinea. Tlic w^estern and south- 
western parts of New Guinea will be treated of when Tve 
come to the islands of the East Indian Archipelago. 

ADMiiiAl^TY Group. — From the accounts gi ven by Bougain- 
ville, Maurelle, Deiitrecasteaux, and the scattered notices col- 
lected by IloTsburghj it appears that some of the many islands 
composing it are high, with a bold outline ^ and others arc 
low, small, and interlaced with reels. All the high islands 
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appear to be fronted by distant reefs rising abruptly from the 
aeaj and within some of which, there is reason to believe that 
tlie water is deep, I have therefore little doubt that they 
belong to the biirrier class. In the southern part of tlie group, 
■wo have Eiisah&th Island, winch is surrounded by a reef at the 
distance of a mile ; and two miles eastward of it (Krufioiistern, 
Append. 1835, p. 42) there is a little island containing a 
lagoon. Near here, also, lies Circular Beef (Ilorsbnrgh 
Direct, vol, i, p, 691, 4 th edit.), ‘ three or four miles in dia- 
meter, having deep water inside with an opening at tho 
N.N,W, pai-t, and on the outside steep to*’ I have from these 
data, coloured the group pale blue, and Circular Eeef dark 
blue.— The AnachoriteSj I^Jchequierj and Nermifes consist of 
innumerable low islands of coral formation, which probably 
are atobs ; but not being able to ascertain this, I have not 
coloxired them, nor BnrourlAmd^ wdiich is described by Car- 
teret as lo\v% 

The Cakolink ARcmrnL.VGO is now ivcll known, ch icily 
foom the hydrographiail labours of Lutk4 : it contains about 
forty groups of atolls, and three encircled islands, two of which 
are engraved in Figs, 2 and 7, Plate I. Commencing wdth tho 
eastern part, the encircling reef round Ualtm appears to be 
only about half a mile from the shore i but as the land is lo^r, 
and covered wdth mangroves (Voyage autour du Monde, jj;ir 
F. Lutke, vol. i* p. 339), its margin has not probably I>cen 
ascertained. The extreme depth in one of the harbours within 
the reef is 33 fathoms {see charts in Atlas of Coquilie's 
Voyage), and outside at lialf a mile distance from the reef, 
no bottom was obtained with 250 fathoms. TLe reef is sur- 
mounted by many islets, and the Jagoon-like channel within 
is mostly shallow, and appears to have been much encroached 
on by the low land surrounding the central mountains; these 
facta show that time lias allow'od much detritus to accumulate ; 
coloured pale blue , — Pmftfmpete or Semavi/te. In the greater 
part of tlie circumference of this island, the reef is about one 
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mile aud three (quarters from the shore f but on tlie north side 
it is five miles distant from the included high islets. The 
reef is broken in several places ; and just within it, the depth 
in one place is 80 fathoms, and in another, 28, beyond which, 
to all appearunce, there was * un port vastc et sftr * (Lutke, 
vol, ii. p* 4). Coloured pale blue , — Hogolm or Rang, This 
wonderful group contains at least 62 islands, aud its reef is 
185 miles in circuit. Of the islands, only a few, about six or 
eight (see Hydi*og. Desciiption, p, 428 j of the Voyage of the 
A$troiabej and the large accompan 3 ’ing chart taken chiefly 
from that given by Diipen ev') are high, and tlie rest are all 
small, low, and formed on the reef. The depth of the great 
interior lake has not been ascertained; but Captain D'Urville 
appears to have entertained no doubt about the possibility of 
taking in a frigate. The reef lies no less than 14 miles 
distant from the northern coasts of the interior liigh islands ; 
seven miles from their western sides, and 20 from the 
southern : the sea is deep outside. This island resembles on 
a grand scale the Gambler group in the Low ^Vrchipdago. Of 
the low' islands forming the chief part of the Caroline Archi- 
pelago, all those oflarger size (as may be seen in the Atlas by 
Captain Lutk6),and some even of the small ones of which plans 
arc given in the Atlas of the CoquUl^& Voyage, are true atolls. 
There are, however, some low, small islands of coral formation, 
namely, Ollap^ l^amatamy BigaU^ Sat^honal^ which do not 
contain lagoons; but it is probable that lagoons originally 
existed, but have since filled up : Lutkd (voL ii, p. 804) seems 
to have thought that all the low islands, with only one excep- 
tion, contained lagoons. The most southern island in the 
group, namely, Pigxtiram^ is not coloured, bcciUisc I have found 
no account of it* Nmgouor^ or MonU Verduon^ Asdiich ivas not 

* la D^Ur\'ille and Loitin^fii chart, Pescraro is written with capital 
letters ; but this evidcnlb^ is an error, for it is one of the low islets on 
the reef of Namonou^-to (sco Lutk^^s charts), which is a regular atoll; 
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’Visited by Liitk4, is doseribed and figured by Hr* Bennett 
(United Service Journal, Jan, 1832) as an atolL All the 
beibre-mentioned islands have been coloured blue. It mustj 
hovTCYcr, bo stilted that between Nalan and Pouynipete, the 
three McAskill Islands rise to a height of from 40 to 100 feet, 
and consist, according to Dana (Corals iind Coral Islands, 
p* 306), of coral -rock ; whether they are encircled or fringed by 
coral-reefs does not seem to be known* 

WesterssF part of the Cauolin^e Archipelago* — Fms 
Island is 90 feet high, and is surrounded, as I haYe been ia- 
formed by Admiral Lutk^, by a narrow reef of living coral, 
of which the broadest part, as represented in the charts, is 
only 150 yards ; coloured red ,^ — Fhtlip Island , I beliCYe, is 
low' ; but Hunter, in his Historical Journal, gives no clear 
account of it; un coloured. Flwi: from the manner in which 
the islets on the reefs are engraved in the Atlas of the Astro- 
lahe\^ YoyagOj I should have thought they were above the 
ordinary height ; but Admiral Lutk6 assures me that this is 
not the case: they form a regidar atoll; coloured blue* Gouap 
(Fap of Chamisso) is a high ishind with a reef (see Chart in 
Voyage of Astrolabe) in most parts more than a mile dlstaat 
from the shore, and two miles in one part* Captain D’Urville 
thinks that there would be anchorage (Hydrog* Descript* 
Astrolabe Voyage, p* 436) for ships within the reef, if a 
passage could be found ; coloured pale blue* — Goulou^ from 
the chart in the Astrolabe' e atlas, appears to bo an atoll : 
D'Urville (Hydrog* Descript, p, 437) speaks of low islets on 
the reef ; coloured dark blue* 

Pelew Islands* — Kruseustem speaks of some of the islands 
being mountainous ; the reefs are disfcmt from the shore, and 
there are spaces within them, not opposite to any valley, from 
10 to 15 fathoms deep. According to a MS. chart of the 
group by Lieut* Elmer in the Admiralty, there is a large space 
within the reef with deepish water : although the high land 
does not hold a central position with respect to the reefs, as is 
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generally the cascj I have little doubt that the reefs of the 
Pelew isliiods ought to be ranked in the l>arricr class, and I 
have coloured them pale blue. In Lieut. Elmer's chart there 
is a horse -shoe-formed shoal, 13 miles N.W. o£ Pelew, 
with 15 fathoms within tlie reefj and some dry hanks on 
it ; coloured dark blue. — Spanish^ Martires, Sa7iserotj I^ulo 
Anna and Mariere Islands are not coloured, he cause I know 
nothing about them, excepting that according to Einiaen stern, 
the second, third, and fourth mentioned, are low, placed on 
coral-reefs, and therefore perhaps inelude a lagoon ■ hut Pulo 
Mari ere is a little higher. Since the above remarks ^vere 
written ProC Semper has published an interesting article 
(Zcitschr. £ Wissensch. Zoologie. Bd. xiih 1863, p. 558) on 
these islands. Ke states that the southern islands consist of 
coral -rock, upraised to the height of from 400 to 500 feet ; 
and some of them, before their upheaval, seem to have existed 
as atolls. Tliey are now merely fringed by living reefs. The 
northern islands axe volcanic, deeply indented by bays, and 
are fronted by barrier-reefs. To the north there arc three 
true atolls. Prof. Semper doubts ivliether the whole group 
has subsided, partly from the fact of the southern islands being 
formed of upraised coral-rock ; but there seems to me no im- 
probability in their having originally subsided, then having 
been upraised (probably at the time w^hen the volcanic rocks 
to the north wore erupted), and again having subsided. The 
existence of atolls and barrier-reefs in close proximity is mani- 
festly not opposed to my view's. On the other hand, the 
presence of reefs hinging the southern islands is opposed to 
my view s, as such reefs generally indicate that the land has 
either long remained stationary, or has been upraised. It 
must^ however, be borne in mind (as remarked in our sixth 
chapter) that when the land is prolonged beneath the sea in 
an extremely steep slope, reefs formed there during subsidence 
will remain closely attaclied to the shore, and will be imdis- 
tingnishable from fringing-reefs. Now wo know that the 
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fsiibmarine flanks of most atolls are very steep ; and if an atoll 
after uplieaval and before tlic sea had eaten deeply into tlie 
land, and had ibrmed a broad flat surface, wore again to sub- 
side, tiic roofs whieli grow to tlie surface during the subsiding 
movement, “would still closely skirt the coast After some 
hesitation, I have thought myself justified in leaving these 
islands coloured blue. 

Mahiana Aacmrj'LAOO, or Ladiiqkls* — Guakan: almost 
the wdiole of this island is fringed by reefs, wbich extend in 
most parts about a third of a mile from the laud. Even where 
the roofs are most extensive, the water within them is shallow. 
In sevoriil parts there is a navigable channel for boats and 
canoes within the reefs. In Frey ci net's Hy drog* Mem. there 
is an account of these reefs, and in the ;itlas, a map on a large 
scale ; coloured ‘ L'ile est presque entierement 

entourie des recifs ' (p. 212, Freycinct’s Hydrog. Mom.), 
These reefs project about a quarter of a mile from the shore ; 
cfdoured TQ^.-^Tinian : the eastern coast is precipitous, and 
is 'ivitbout reefs; but the western side is fringed like the last 
island; coloured red. — Saipan: the N.E. ooasitj and like- 
“wise the western shores appear to be fringed ; but there is a 
great, irregular, horu like reef projecting far fironi this side ; 
coloured led.^Parcdhn de MedimUa appears so regulaTly 
and closely -fringed in Froycinet's charts, that T liave ventured 
to colour it red, although nothing is said about reefs in the 
Hydrographical ^lemoir* Tlie several islands wdiich form the 
tiorthem part of the group are volcanic (with the exception 
perhaps of Torres, which resembles in form the madreporitic 
island of Medinilla), and appear to be ■^Yithout reefs. — Mangs^ 
however, is described (by Frey cine t, p. 2H), Hydrog.) from 
some Spaiiisli charts, as formed of small islands placed ■ an 
milieu dcs iiombreux recifs; ’ and as these reefs in the general 
chart of the group do not project so much as a mile ; and as 
there is no appearance from a double line, of the existence of 
deep water uithin, I have ventured, although irith much 
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hesitation, to colour them red. Respecting Folger and Mar- 
shall Islands, which He some way cast o£ the Marianas, I cati 
find out nothing, excepting that they are probably low, Eru- 
sen stern says this of Marsliall Island j and Folger Island is 
written with small lettej’S in D^Urvillc^s chart ; uncolourcd, 

Bonih or Aiizomsro (xKOur, — Peel Island has been ex- 
amined by Captain Beech cy, to whose kindness I am much 
indebted for giving mo information regarding it: * at Port 
Lloyd there is a great deal of coral ; and the inner harbour is 
entirely formed by coral-reefs, which extend outside the port 
along the coast-* CapUin Beechey, in anotlier part of his letter 
to me, alludes to the reefs fringing the island in all directions j 
but at fbe same time it must be observed that tbe surf washes 
the volcanic rocks of the coast in the greater part of its cir- 
cumference- This island has certainly been elevated at least 
50 feet within the recent period (see Journal of Oeolog- Soc. 
1855, p- 5B2), I do not know whether the other islands of 
the archipelago are fringed j I have coloured Peel island red. 
— Grampus Island, to the eastward, does not appear (Mearc*s 
Vojmgc, p. 95) to have any reefs, nor does Ilosarh Island 
(from Lutkd’s chart), which lies to tho westward. Respect- 
ing the few other islands in this part of the sea, namely 
the Stdphur Islands, with an active volcano, and those lying 
between Bonin and Japan (situated near the extreme limit 
in latitude at which reefs can grow), I have not been able 
to find any clear account. 

West End of New Guinea. — Port Dorg : from tlie 
charts in the Voyage of the CoguillSf it "would appear that 
the coast in this part is fringed by coral-reefs; M. Lesson, 
however, remarks that the corals are sickly; coloured red. 
— Waigiou: a considerable portion of the northern shore of 
these islands are seen in the charts (on a large scale) in Prey- 
cinet’s Atlas to be fringed by coral-reefs. Forrest (p. 21, 
Voyage to New Guinea) alludes to the coral- reels lining the 
heads of Piapis Bay ; and Horsbiirgh (voL ii. p. 599, 4th 
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edit.), speaking of the islands in Dainpier Strait, says, ^ sharp 
coral-rocks line their shores; ' coloured red. — In the sea 
north of these islands, we have GueiUs (or Freemill^ or St, 
T>avkVs\ which from the chart given in the 4to. edit, of 
Carterct^s Voyage must be an atoIL Krusenstern says the 
islets are very Jow ; coloured bluOi — CarUrefa Shoals, in 
2“^ 53' N., arc described aa circular, with stony points show- 
ing all round, witJi deeper water in die middle; coloured 
blue. — Aiou : the plan of this group, given in the atlas of the 
Voyage of the Astrolabe^ shows that it is an atoll ; and, from 
a chart in Forrest’s Voyage, it appears there is 12 fathoms 
witliin the circular reef ; coloured blue,— *The S,W. coast of 
New Guinea appeal's to be low, muddy, and devoid of reefs. 
The AjtUj Timor-iaut and Tenimbo* Groups have lately been 
examined by Captain KollF, the MS. translation of which, by 
Mr. W. Earl, I have been permitted to read, through the 
kin dness of Captain Washington, E.N. These islands are mostly 
rather low, and arc surrounded liy distant reefs (the Ki 
Islands, however, are lofty, and, from Mr. Stanley’s survey, 
appear without reefs) ; tlie sea in some parts is shallow, in 
others profoundly deep, as near Larrat. From the im|>er- 
fectioii of the published clmrts, I have been unable to decide 
to which class these reefs belong. From Uie distance to which 
they extend from the land where the sea is very deep, I am 
strongly inclined to believe they ought to come withiu the 
barrier class, and be coloured blue ; but I have been forced to 
leave them uncoloured, — The last-mentioned groups are con- 
nected with the east end of Ceram by a chain of small islands, 
of wliich the small groups of Ceram-lmty Goramj and Kejin^ 
arc surrounded by very extensive reefs, projecting into deep 
water, which, as in tlie last case, I strongly suspect belong to 
the barrier class ; but I have not coloured them. From t!m 
south side of Keffing, the reefs project five miles (Windsor 
Earl’.s Sailing Direct, for the Arafura Sea, p. 9). 

Ceram.—Iu various charts winch I have examined, several 
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parts of the coast are represeuted as fringed hy reefs . — Manipa 
Island, between Ceram and Bonron^ in an old MS, chart in 
the Admiralty, is fringed by a very iiregular reef, partly dry 
at low water, which I do not doubt is of coral formation ; 
both islands coloured red* — Bortro^ : parts of this island 
appear fringed by coral-rocfs, namely, the eastern coast, as 
seen in h'reyeinet’s chart ; and Ccijeli Bay, whicli is said by 
Iloraburgh (voL ii. p, (>d0) to be lined by coral-reefs, that 
stretch out a little way, and liave only a few feet of water on 
them* In several charts, portions o£ the islands forming tha 
Amboina Group are fringed by reefs ; for instance, iVoma, 
liar mm j and in Frey cine charts* The above- 

mentioned islands have been coloured red, although tho 
evidence is not very satisfactoiy* — North of Bonrou tho 
parallel line of the Xulla Is! os eKfcenda: I liave not been 
able to find out anything about them, excepting that Hors- 
burgh (vol* ii* p* 513) eays that the northern shore is sur- 
rounded by a reef at the distance of tw^o or three miles; 
uncolotired.— Group : the Kanary Islands are said by 
Forrest (Yoyage, p* IBO) to be divided from each other by 
deep straits, and arc lined %vith coral- rocks ; coloured red* — 
Guehe, lying between Waigiou and Gilolo, is engraved as if 
fringed ; and it is said by Frey ci net, that all the soundings- 
under five fathoms were on coral ; coloured red , — Gilolo ; in 
a chart published by Dairy mple, the numefons islands on the 
western, southern {Batchian and the Strait of Fattmtiaf 
and eastern sides appear fringed by narrow reefs ; these reefs, 
I suppose, arc of coml, for it is said in 3Ialte Brun (vol* sii, 
p* 15G), ^ sur les cGtes (of Batchian), comme dans la plupart 
dos lies de cet arcliipel, il y a des rocs de madrepores d’une 
beaut6 et d’unc vari«^te infinicsf Forrest, also (p, 50), says 
Seland, near Batchian, is a little island with reefs of coral ; 
coloured red. — Mort^ Island (north of Gilolo) : Horsburgh 
(vol, ii* p. 506) says the northern coast is lined by reefs, 
projecting one or two miles, and having no soundings ebse 
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to tHem: I have left it iincolourcd, although, as in some 
former cases, it ought probably to be pale blue* — Odebes* 
The western and noithern coasts appear in the charts to be 
bold and without reefs* Near the extreme northern point, 
however, an islet in the Straits of Limhej and part of the 
adjoining shore, appear to bo fringed ; the east side of 
the bay of Mmiado has deep water, and is fringed by sand 
and coral {Astroh Voyage, Ilydrog. Part, p* 453-4); this 
extreme pointy therefore, I have coloured red. Gaptaie Keppell, 
also, speaks (Expedition to Borneo, voL i, p. 130) of the 
shore being in parts fringed with reefs; he foimd upraised 
coral-reefs at the height of from 80 to lOO feet above tlic 
level of the sea*— 0£ the islands between the northern point of 
Celebes and the Phillippines, I have not been able to find any 
account, except of Btrangani^ which appears surrounded by 
narrow reefs; and Forrest (Voyage, p* 164) speaks of coral on 
its shores ; I have, therefore, coloured this island red. To the 
eastward of this chain lie several islands ; of which I cannot 
find any account, except of Karkalaiig^ which is said by 
Ilorsburgh (voL ix. p. 504) to be lined by a daugei'ous reef, 
projecting several miles from the north enx tdiore; not coloured. 

Islands neak TiiroR. — The account of the following islands 
is taken from Captain D. KollTs Voyage in 1825, translated by 
Mr, W. Earl from the Dutch . — IMU has ^ reefs extending 
along shore at the distance of half a mile from the land.^ — 
Moa has rceft on the S.W. part * — Labor has a reef Hning its 
shore ; these islands m*e coloured red* — Still more eastward, 
Ijuan^ differently firom the last-mentioned islands, has an 
extensive reef; it is steep outside, and within there is a 
depth of 12 feet; from these facts, it is impossible to 
decide to which class this island belongs* — Kissa^ off the 
point of Timor, haa its ^ shore fronted by a reef, steep too 
on tlie outer side, over which small proalis can go at the time 
of high w’ater ;* coloured red* — Timor: most of the points, 
and some considerable spaces of tlie northern shore, are seen 
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in Fjccyci net’s chart to he fringed hj coral-reels ; and mention 
is made of them in the accompanying Hydrog* Memoir; 
coloured red. — Savu^ vSdh of Timor j appears in Flinders’ 
chart to be fringed ; bTit I have not colonred it, as 1 do not 
knciv that the reefs are of coral , — Sandalwood Island has, 
according to llorsburgh (voL ii. p* 607), a reef on its 
southern shore, four miles distant from the land; as the 
neighbouring sea is deep, and generally bold, this probably 
is a barricr-reef, but I have not ventured to colour it, 

N,W, Coast of Australia, — It appears, in Captain King’s 
Sailing Directions (ifarrativo of Survey, vol, ii. pp. 325 to 
369), that tliere are many extensive coral-reefs skirting, 
often at considerable distances, the N.W, shores, and en- 
compassing the small adjoining islets. Deep water, in no 
instance, is represented in the charts between these reefs 
and the land; and, therefore, they probably belong to the 
ifinging class. But as they extend lar into the sea, which 
is generally shallow, even in places where the land seems 
to be somewhat precipitous, I have not coloured them. 
Houtman’s Abrolhos (lat. 28^ S, on west coast) have lately 
been surveyed by Captain Wickham (as described in Waut* 
Mag. 1811, p, 511) : they lie on the edge of a steeply^ 
shelving bank, wdiich extends about 30 miles seaward, along 
the ivljole line of coast. The two southern reefs, or islands, 
enclose a lagoon-like space of water, varying in depth from 
5 to 15 fathoms, and in one spot with 23 fathoms. The 
greiiter part of the land has been formed on tlieir inland 
sides, by the aceumulation of fragments of corals; the 
seaward face consisting of nearly bare ledges of rock, Somo 
of the specimens, brought home by Captain Wickham, 
contained fragments of marine sliells, but others did not ; 
and these closely resembled a formation at King George’s 
Sounds principally due to the action of the wind on calcareous 
dust, which I have described in my work onYolcanie Islands, 
From the extreme irregularity of these reefs witli their lagoon Sj 
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and from their position on a bank, the usual depth of which 
is only 30 fatlionis, I have not ventured to class them with 
atolls, and hence have left them uncoloured.— Shoals : 
these lie sonte way from the N, W. coast of Austral ta : accord- 
ing to Captain liing (Narrative of Survey, vol, i. p. 60), they 
are of coral-formation. They rise abruptly from the sea, and 
Captain King found no bottom with 170 f athoms close to them. 
Three of them are crescent-shaped ; ^ a third oval reef of 
the same group is entirely submerged * {Lyell, Principles of 
Geolog., book iii. chap, xviii.) ; coloured blue. — ScaU^s Reefs, 
lying north of Rowley Shoals, are briefly described by Captain 
Wickham (Naut Mag., 18il, p. 440) as of great size, of a 
circular form, and ^ with smooth water wuthin, forming pro- 
bably a lagoon of great extent’ There is a break on the 
western side, where there probably is an entrance : the Avater 
is 'very deep off tliese reefs j coloured blue. 

Proceeding westward along the great volcanic chain of the 
East Indian or Malay Archipelago, /Soloi^ Strait is represented 
as fringed in a chart published by Dalrjmple from a Dutch 
MS. ; as arc parts of Adetiaraj and iSolor* Ilorshurgh 

speaks t>f coral growing on these shores, and therefore I have 
no doubt that the reefs are of coral, and have colom‘cd them 
red. We bear from florsburgh (vol. ii. p. G02) tliat a coral 
flat bounds the shores of Bapt/ Bay. From the same autho- 
rity it appears (p. 610) that reefs fringe the island of Ttmor~ 
Youfigj on the N. sliore of Sumbawa ; and like wise (p. 600) 
that Balh/ town in Lomlocky is fronted by a reef, stretching 
along the shore at the distance of a hundred fiithoma, with 
channels through it for boats ; thehsc places, therefore, have 
been coloured red. — Baili/ Island: in a. Dutch MS. chart on a 
large scale of Java, which was brought from that island by 
Dr. Horsfield, who had the kindness to show it me at the 
India Houae, its ivestem, northern, and southei'n sliores ap- 
pear regularly fringed by a reef (see also Horsburgh, vol. ii. 
p. 593 ) } and tm coral is found abundantly there, I have no 
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doubt that tlie rcof is of coral, and therefore have coloured 
it red. 

Java.^ — M y information regarding the reefs of this groat 
island is derived from the chart just mentioned. The gi-eater 
part cf Madura is represented in it as regularly fringed, and 
likewise portions of the coast of Java immediately south of it. 
Dr* Horsfield informs me that coral is very abundant near 
Bourahaya, The adjoining islets, and partsj of the K. coast of 
Javaj west of Point Buang^ or Japura^ arc fringed by reefs, 
said to be of coral, Luheck^ or Baman Islands, l 3 dng at some 
distance from the shore of Java, are regularly fringed by coral- 
reefs; Curimon Java appears equally so, though it is not 
directly said that the reefs ai“c of coral ; there is a depth of 
between 30 and 40 fathoms round these islands. Parte of the 
shore of Bunda Straits, where the water is from 40 to 80 
fathoms deep, and the islets near Batavia appear in several 
charts to be IHnged. In the Dutch chart the southern shore, 
in the narrowest part of the island, is in two places fringed by 
reefs of coral. West of Segoirowodce Bay, and the extreme 
S.E. and E, shores are likewise fringed by coral-reefs \ all the 
above-mentioned places coloured red. 

Macassar Strait : the ea.st coast of Borneo appears, in moat 
parts, free from reefe, and where they occur, as on the coast 
of Patnaroong^ the sea is very shallow; hence no part is 
coloured. In Macassar Strait itself, in about lat. 2^ S., there 
are many small Islands with coral shoals projecting far from 
them. There are also (oM charts by Dalrymple) numerous 
little flats of coral, not rising to the surface of the water, and 
shelving suddenly from five fathoms to no bottom ■with 5t> 
fathoms ; they do not appear to have a lagoon-like structure. 
There are rimilar coral-shoals a little lartlicr south ; and in lat, 
4® 55^ there are two, which arc engraved fr om modem sur- 
veys, in a noanner Avhicli may represent an annular reef T\itli 
deep water inside : Capt. Moresby, however, who was formerly 
in tins sea, doubte this fact, so that I have left thorn un- 
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coloured : at tlie same time I may remark, tkat tiiesc two 
skoals make a nearer approach to the atoU-like structure than 
any other within the E. Indian ArcMpelago* Southward of these 
shoals there are other low islands and irregular coral- rcefe ; 
and in the space of sea, nortli of the great volcanic chain, from 
Timor to Java., we have other islands, such as the Postilliomj 
Kalatoaj Tokan-B^EseeSj which are chiefly low, and arc 
surrounded fey very irregular and distant reefs. From the 
imperfect charts I have seen, I have not been able to decide 
whether they belong to the atoll or barrier classes, or whetlier 
they merely fringe aubmarino banks, and gently sloping laud. 
In the Bay of Bonin^ between the two southern arms of Celebes, 
there are numerous coral-reefs ; but none of them seem to have 
an atoil-like structure. I liave, therefore, not coloured any of 
the islands in this part of the sea ; I think it, however, ex- 
ceedingly probable that some of them ought to be blue. I 
may add that there ia a harbour on the coast of Bouton^ 
which, according to an old chart, is termed by a reef, parallel 
to the shore, with deep water witliin ; and in the Toy age o£ 
the Coquilky some neighbouring islands arc represented with 
distant reefs, hut 1 do not know whether with deep water 
within. I have not thought the evidence sufficient to permit 
me to colour them. 

Sumatra, — Commencing with the west coast and outlying 
islands ; Engam Island is represented in the publisiied chart as 
surrounded by a narrow reef, and Napier, in his Sailing Direc- 
tions, speaks of the reef being of coral (also Horsburgh, vol, ii, 
p. 115) ; coloured red. Eat Island (8^ 51' S.) is surrounded 
by reefs of coral, partly dry at low water (Horsburgh, vol. ii, 
p. 96 ). — TriesU Island (4^^ 2' S.) : the shore is represented, 
in a chart ^vhich I saw at the India House, as fringed in such 
a manner, that I feel sure the fringe consists of coral ; but as 
tlie island is so low that tlic sea sometimes dows quite over it 
(Dampier, Voyage, voh i. p. 474) I have not coloured it. — 
Pulo Dooa (lat. 8®} : it is said in an old chart that there are 
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cliasiDE3 in tlie reef round the island^ admitting boats to the 
watering-place, and that the southern islet consists of a mass 
of sand and corah — Pulo Ptsang ; Horsbnrgh (voh ii. p. 86) 
says that the rocky oorabbankj which stretches about 40 
yards from tlie shore j is steep all round: in a chart, also, 
which I have seen, the island is represented as regularly fringed. 
— Pulo Miniao ia lined with reefs on its west side (Horsbnrgh, 
voL ii* p* 107 ), — Pulo Baniah : the same authority (voL ii, 
p, 105), speaking of a pirt, says it is faced with coral rocks* — 
Minguin (3°3(J^If.): a coral reef fronts this place, and projects 
into the sea nearly a quarter of a mile (Notices of the Indian 
Arcliipelago, published at Singapore, p, 105).™Pn^o Brassa 
(5^ 46^ N,) : a reef surrounds it at a cable’s length (Horsbnrgh, 
voh ii, p, 60), I have coloui'cd all the above specified points 
red. I may here add, that both Horsburgh and Mr. Moor (in 
the Notices just alluded to) frequently apeak of the numerous 
reefs and banka of coral on the west coast of Sumatra ; but 
they nowhere have the structure of a barrier-reef, and Marsden 
(History of Sumatra) states that where the coast is flat, the 
fringing-reefs extend far from it. The northern and southern 
points, and the greater part of the cast coast, are low, and 
faced with mud banks, and therefore without corah 

NicoDAii TsLAifUS.^ — ^The chart represents the islands of this 
group as fringed by reefs. With regard to Great Nicobar^ 
Captain Moresby informs me tJiat it is fringed by reefs of coral, 
extending between 200 and 300 yards from the shore. The 
Northern Ntcohars appear so regularly fringed in the published 
charts, that I have no doubt the reefs arc of corah This group, 
therefore, is coloured red. 

Anoamax IsLAXr>s.“ — From an examination of the MS* 
chart, on a large scale, of this island, by Captain Arch, Blair, in 
the Admiralty, several portions of the coast appear f linged ; 
and as Horsburgh speaks of corabreefe being numerons in the 
vicinity of these islands, I should have coloured them red, had 
not some expressions ia a paper in the Asiatic Researches 
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(toI, iv* p, 402) led me to doubt the existence of reefs ; iin- 
coloured. 

The coast of Malacca^ Tanasserim^ and the coasts north- 
Tmrdj appear in the greater part to be low and muddy : where 
reefs occur j as in parts of J^lalacca Straits^ and near Singapore^ 
they are of the fringing kind j but tlie water is so shoal, that I 
have not coloured them. In the sea., however, between Malacca 
and the ivest coast of Eorncoj w'hoTe tliere is a greater depth 
from 40 to 50 fathoms, I have coloured red some of the groups, 
wJiich are regularly fringed. The northern Natunas and the 
Anamhas Islands arc represented in the charts on a large scale, 
published in the atlas of the Voyage of the Favourite^ as 
Iringed by reefs of coral, %vitli very shoal water within them, 
TwYthelan and Bunoa Islands (1° N.) aro represented in the 
English charts as surrounded by a very regular fringe .^ — St 
Barhes (0° 15^ N.) is said by Ilorsburgh (voh ii. p. 279) to be 
fronted by a reef, over which boats can land only at high 
waten—Thc shore of Borneo^ at Tunjong Apee^ is also fronted 
by a reef, extending not far from the land (Horsburgh, vol. ii. 
p* 468), These places I have coloured red; although with 
some hesitation, as the water is shallow, I might perhaps 
have added Bulo Leatj in Gaspar Strait, Luce para and Cari- 
7mta ; but as the sea. is condned and shallow, and tlie reefs 
not very regular, I have left them uneoloured. 

The water deepens very gmduallyfrom the wdiole west coast 
of Borneo ; and I cannot make out that it has any reefs of coral. 
The islands, however, oW the northern extremity, and near 
the S,W, end of Falau^aji^ are fringed by veiy distant coral 
reefs : thus the reefs off Balahac are no less than five miles 
from the land ; but the sea, in the whole of this district, is so 
shallow, that the reefs might be expected to extend very far 
from the land. I have not, therefore, thought myself aiitho- 
rizcd to colour them. The bf.E, point of Borneo, where tlie 
water is very shoal, is connected with Magindanao by a chain 
of islands called the Sooloo ArcJnpelagOy about which I have 
been able to obtain very little information; Fangootarajif 
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although ten miles long, entirely consists of a bed of coral-rock 
(Notices of E. Indian Arch, p, 58) : I believe from Ilorsburgh 
that tho island is low ; not coloured , — Tahow Bankj in some 
old charts, appears like a submerged atoll ; not coloured, 
Eorrest (Voyage, p, 21) sfaites that one of tho islands near 
Sooloo is surrounded by coral-rocks j but there is no distant 
reef* Near the S* end of Bm^elan^ some of the islets in the 
chart accompany iag For rest^s Voyage appear fringed with reefs; 
Iience I have coloured, though unwillingly, parts of the Sooloo 
group red. The sea between Sooloo and Palawan, near the 
shoal coast of Borneo, is interspersed with irregular reefs and 
shoal patches; not coloured : but in the north cm part of this sea 
there are two low islets, Cagayane^ and CamlUj surrounded 
by extensive coral-reefs; the breakers round the latter 
(Ilorsburgh, voL ii. p, 513) extend five or six miles from a 
sand -bank, which forms the only dry part ; these breakers are 
steep to outside : there appears to be an opening through the 
reef on one side, with four or five fathonis within : from this de- 
scription, I strongly suspect that Ca villi ought to be considered 
an atoll ; but, as I have not seen any chart of it, even on a 
moderately lai^e scale, I have not coloured it. The islets off 
the northern end of Palawan are, like those off Uie southern 
end, fringed by reefs, some w’ay distant from the shore, but 
the water is exceedingly shallow ; uncoloured. The western 
shore of Palawan will be treated of under the China Sea. 

FJ11U.IPPIHE AKCHirELAGo.— A chart on a large scale of 
Appoo Shoal, which lies near the S.E, coast of Mindoro, has 
been executed by Captain D. Rosa : it appears atoll-formed, bnt 
rather an irregular oiitlino ; its diameter is about ten 
miles; there are two well-defined passages leading into the 
lagoon ; close outside and tdi round the reef, there is no 
bottom with 70 fathoms; coloured bIne,^J/tVif/oJ'0 * the 
N,W* coa-st is represented in several charts as fringed by a 
* reef ; and Luban Island is said by Ilorsburgh (voL ii. p. 436} 
to be * lined by a TQ^V—Litzon : Cuming, who has lately 
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investigated witli so mncli success the Natural Histoi}'' of the 
Phillippincs, informs me that a length of about three miles of 
the shore noitliward of Point St. Jago is fringed by a reef ; as 
are (Horsburgh^ voL ii. p. 437) the Three Friars off Silanguin 
Bay* Between Point Capones and Play a Honda, the coast is 
^ lined by a coral-reef, stretciiing out nearly a mile in some 
places^ (Horsburgh) ; and Mr, Cuming visited some fringing- 
reefs on other parts of the coast, namely, near Puebla, Iba, and 
Mansinglor* In the neighbourhood of Solon-solon Bay, tlio 
shore ia lined (Horsburgh, vol.ii. p. 439) by coral-reefs, atretch- 
ing out a great way : there are also reefs about the islets off 
Solamague ; and as I am informed by Mr. Cuming, near St. 
Catalina, and a little north of it. The same gentleman informs 
me that there are reefs on the S.F. point of this island in front 
of Samar, extending from Malalabon to Bulusan. Theso 
appear to be the priiicipiil fringing-roefs on the coasts of 
Lmoii; and they have all been coloured red. Mr. Cuming 
informs me that none of them have deep water within; al- 
though it appears from Horsburgh that some few extend to a 
considerable distance from tho land. Within the Phillippine 
Archipelago, the shores of the islands do not appear to be 
commonly fringed, with the exception of the S. shore of Mas- 
J^aUj and nearly the wdiolc of Bohol ; which are botli coloured 
red. On the S. shore of M agindanaOj Bunwoot Island is sur- 
rounded (according to Forrest, Yoyage, p. 253) by a coral- 
reef, Tvhich in tho chart appears one of the fringing class. 
With respect to the eastern coasts of the archipelago, I have 
not been able to obtain any account. Prof. Semper has re- 
cently published a notice (Zeitschr, f, Wissensch. Zoologie, Bd. 
xiii. 1863, p. 558) respecting the coral-reefs of this archi- 
pelago. It appears that some of them come under the class 
of barrier-reefs ; but as I have not seen a chart on a largo 
scale, and know nothing about the depth of the ’water outside 
the reefs, nor about the slope of the encircled land, I cannot 
judge whether they properly come under the barrier class. 
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Baeuyait Islands. — Horsbnrgli says (yoI. ii, p. 442) coral- 
reefs line tlie shores of the liarbonr in Fuga ; and the charts 
shoiY there are other reefs aboiit these islands. Camigum has 
its shore in parts lined hj coral -rock (Horsbnrgh, p* 443) ; and 
abonfc a mile otF shore the depth is beUvecn 30 and 35 fathoms. 
The plan of Port San Pio Qninto shows that its shores are 
fringed with coral ; coloured red. — Eashete Islands : Hors- 
bnrgh, speaking of the southern part of the group (voL il. 
p. 445), says the shores of both islands arc fortified by a reefj 
and through some of the gaps iu it the natives can pass in 
their boats in fine weather; the bottom near the land is coral- 
rock, From the published charts^ it is evident that several 
of these islands are regularly fringed ; coloured red. The 
northern islands are loft uncoloured j as I have been unable to 
find any account of them. -.^F ormosa : the shores, especially 
the western one, seem composed chiefly of mod and sand, and 
I cannot make out that they are anywhere lined by reefs, ex- 
cept in a harbour (Horsburgh, voh ii. p. 449) at the extreme 
northern point : hence, of course, the whole of this island is left 
uncoloured. The small adjoining islands are in the same case. 
— Patchow, or Madjiko-sima Groups : ■ Patcimson : Captain 
Broughton says (Voyage to the 'N. Pacific, p* 191) that boats, 
with some difficulty, can pass through the coral-reefs, which 
extend along the coast, nearly half a mile off it. Ilis boats were 
well fcih altered within the reef; but it does not appear that the 
water is deep there. Outside the reef the depth is very irregu- 
lar, varying from 5 to 50 fathoms ; the form of the land is not 
very abrupt ; coloured red. — Ta^pin-san ; from the descrip- 
tion given by the same author (p, 195) it appears that a 
very irregular reef extends from the southern island to the 
distance of several miles ; but whether it encircles a space of 
deep water is not evident ; nor, indeed, whether these outly- 
ing reefs arc connected with those more immediately adjoining 
the land ; left uncoloured. I may here add that the shore of 
(lying west of Patchow) has a narrow reef attached to 
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it ill the plan, in La PejTouse's Atlas; but iu the account of 
the voyage it is not stated to be of coral ; iincoloured. — ^Loo 
Choo : the greater part of the coast of tliis moderately hilly 
island is skirted by reefs, whidi do not extend far from the 
shore, and which do not leave a channel of deep water within 
them, as may be seen in the charts aeeompanjing Captain B* 
Hall's Voyage to Loo Choo (see also remarks in Appendix, 
p. xxi. and xxv.) There are, however, some ports with deep 
water, formed by reefs in front of the valleys, in the ^mie 
manner as happens at Mauritius* Captain Beech cy, in a letter 
to me, compares these reefs with those encircling the Society- 
Islands ; but there appears to be a marked tllfference between 
them, iu the less distance at which the Loo Choo reefs lie Jrom 
the laud with relation to the probable submarine iuelination 
of the land, and in the absence of an interior deep-water 
channel. Hence I have classed these reefs with fringing-reefs, 
and coloured them red. — P escadoees (west of Formosa) : 
Dampier (vol. i. p* 416) has compared the appearance of 
these islands to the southern parts of England ; they arc inter- 
laced with coraLreefs ; but as the water is very siioal, and as 
spits of sand and gravel (Horsburgh, voL ii* p. 450) extend far 
out from them, it is impossible to decide whether the reefs are 
of coral, 

China Sea. — Proceeding from north to south, we first 
meet thcPra^as Shoal {lat. 20^ N.), which, according to Hors- 
burgli (vol. ii, p. 335), is composed of coral, is of a circuLar 
form, and has a low islet on it. The reef is on a level with 
the water’s edge, and when the sea runs high, there aro 
breakers nearly all round ; ^ the water within seems pretty 
deep in some places ; although steep in most parts outside, 
there appear to be several parts where a ship might find 
anchorage outside the breakers ; ’ coloured blue.— The Fara^ 
cells have been accurately surveyed by Captain D, Ross, and 
charts on a large scale published : only a few low islets have 
been formed on these shoals, and this seems to be a general 
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circumstance in tlie China Sea ; the sea close outside these reefs 
is deep; several of them liave a lagoon- like structure; in 
other eases separate islets {^Pratth^ Pohtriy Dmmimnd^ &c,) 
are so arimiged round a moderately shallow space as to ap- 
pear as if they had once formed one largo atoll . — Bombajf 
Shoal (one of the Paracclls) has the form of an aimular reef, 
and is ^apparently deep within it sc cm s to have an entrance 

(Ilorsburgh, voL ii. p. 832} on the west side ; it is very steep 
outside. — Discovery Shoal, also, is of an oval form, with a 
lagoon “like space witliin, and three openings leading into it, in 
which there is a depth from 2 to 20 fathoms. Outside, 
at the distance (Ilorshurgh, vol. ii. p. 333) of only 20 
yards from the reef, soundings could not be obtained. The 
Paracel Is are coloured blue. — MacclesJUld Bank is a coral 
bank of great size, lying oast of the Paracells ; some parts arc 
level, with a sandy bottom, but generally the depth is very 
iricgular, and intersected by deep channels; not coloured. — 
Scarborough Shoal : this coral shoal is engraved with a 
double row of crosses, forming a circle, as if there was deep 
water within the reef: close outside no bottom was found 
with a hundred fathoms; coloured biue.^ — The sea off the 
west coast of Palawan and the northern part of Borneo is 
strewed with shoals : Swallow Shoal, according to Horsburgh 
(vol. ii. p. 431), ^ is formed, like mo$t of the shoals hereabouts, 
of a belt of coral-rocks, with a basin of deeper water within.* 
— llalf~Moon Shoal has a similar structure ; Captain D* Ross 
describes it as a narrow belt of coral-rock, * with a basin of 
deeper water in the oeotre,* and deep sea close outside. — Bom- 
bay Shoal appears (Horsburgh, vol. ii. p. 432) ^ to be a basin 
of smooth water surrounded by breakers.* I have coloured 
these three shoals blue. — The Paraquas Shoals are of a cir- 
cular form, with deep gaps running through them; not 
coloured. A bank, gradually shoaling to the depth of 30 
fathoms, extendg to a distance of about 20 nules from the 
northern part of Bornm, and to 80 miles from the northern 
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part of Falcmau ; near tl>e land this hank appears tolerably 
free from danger, but a little further out is thickly studded 
with coi'iil-reefs, which do not generally rise to the surface ; 
some of them are very steep, whilst others have a fringe of 
shoal- water round them. I should have thought that these 
shoals had level surfaces, had it not been for a statement made 
by Horsburgh, * that most of the shoals hereabouts are formed 
of a belt of coral f I have not coloured them.— The coasts 
of China^ Tonquin^ and Cochhi-China^ forming the western 
boimdarjr of the China Sea, appear to be without reefs : with 
regard to the two last-mentioned coasts, I judge from an ex- 
am in atioo of the charts on a large scale in tlie atlas of the 
Voyage of tho Favfmr^ie^ 

Indian Oceax.^ — South Keeling atoll has been specially 
described in my first chapter. Nine miles north of it lies 
North Keeling, a very small atoll, surveyed by the Beagle^ 
the lagoon of which is dry at low water* — CkriRtmae Island, 
lying to the east, is a high island, without, as I have been 
informed, any reef — C eylon : a space of about 80 miles 
in length on the south-western and southern shores of these 
islands has been described by 3Ir. Twynam (Naut, Mag. 
1836, pp. 365 and 518); and parts appear to be regularly 
fringed by coral-reefs, which extend from a quarter to half 
a mile from the shore. These reefs are in places breached, 
and afford safe anchorage for the small trading entfr. Outside, 
the sea gradually deepens; there is 40 fathoms about six 
miles off shore : I have coloured those reefs red. In the 
published charts of Ceylon, reefs also appear to fringe several 
parts of the south-eastern shores, coloured red. — At Venloos 
Bay the shore is likewise fringed. North of Trincomalee 
there are also reefs of the same character. The sea off the 
northern pai1; of Ceylon is exceedingly shallow ; and there- 
fore I have not coloured the reefs which partially fringe por- 
tions of the shores, and the adjoining islets, as well as the 
Indian promontory of Madurai, 
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CuAGOS, Maldiva, and Laccadivk Arch I PE lag oes*^ — These 
three great groups of atolls and atoll-formed batiks, have been 
often referred to in this volume, and are now well known from 
the admirable i^m'veys of Captain Moresby and Lieut* Poweli* 
Their published charts are worthy of tho most attentive ox- 
am I nation. In the Laccadive group, the atoll-llkc structure 
is less evident than in the Maldivas ; nevertheless the islands 
are all low, not exceeding the usual height of coral formations 
(see Lieut* Wood’s account, Geograph, dourn* vol. vi. p* 29), 
and most of the reefs are circulaT ; within several of them, as 
I am informed by Captain Moresby, there is deepish water ; 
these, therefore, have been coloured blue. Directly nortli of 
the Laccadives, and almost forming part of the same group, 
thero is a long, narrow, slightly-curved bank, rising out of 
tlie depths of the ocean, composed of sand shells and decayed 
coral, with from 23 to 30 fathoms on it. I have no doubt 
that it has had the same origin with the other atoll-like 
banks; but as it does not deepen towards the centre, I have 
not coloured it. I might have referred to other authorities 
regarding these three archipelagoes ; but after the publication 
of tlie charts by Captain Moresby (to whose personal kind- 
ness in giving me much information I am exceedingly in- 
debted), this ivould have been superfluous* 

The Sahia de Afalha Bank consists of u series of narrow 
banks, with from S to 1(> fathoms on them; they are armuged 
in a semi -circular manuer, round a space about 40 fathoms 
in depth, sloping to the S.E* to unfathomable depths; they 
are steep on both sides, but more especially on the ocean- 
side. Ifence this bank closely resembles in structure, and 
T may add from Captain Moresby’s information in composition, 
Pitt's Bank in the Chagos group ; and Pitt’s Bank must, from 
what we know about the great Chagos Bank, be considerotl 
as a sunken, half- destroyed atoll; hence coloiired blue.- — 
Cargados Carajos Bank : its southern portion consists of a 
large, cni'ved coral-ahoal, with some low islets on the eastern 

n 
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edge, and likewise seme on the western side, between winch 
there is a depth of about 12 fathoms; northward, a groat 
bunk extends^ I cannot (probably owing to the want of per- 
fect charts) refer this reef and bank to any class ; therefore 
not coloured , — lU de Sahh is a little island, lying w'est of C, 
Carajos, only some toises in height (Voyage of the IPamuriU^ 
voL i. p. 130) ; it is surrounded by reefs j but its structure is 
unintelligihle to me, Tliere are some small banks north of it, 
of which I can find no clear acconnt*“3faMrifi*/^ : the reefs 
round this island have been described in the chapter on fring- 
ing -reefs ; coloured red* — Modriguez : the coral-reefs here 
are vety extensive ; in one part they project even five miles 
from the shore* As far as I can make out, there m no deep- 
water channel within them; and the sea outside does not 
deepen very Kuddenly* The outline, however, of the land 
appears to be (Life of Sir J* Maklntosh, voh ii. p* 1Gb) 
hilly and rugged, I am unablo to decide whether those 
reefs belong to the barrier class, as seems probable from 
their great extension, or to the fringing clasa; uncoloured. 
Botirhm : the greater part of the shores of this island are 
without reefs ; but Captain Carmichael (Hooker’s Bot. IMisc*) 
states that a portion, 15 miles in length, on the S.E. side, 
is imperfcctlj fringed with coral-reefs : I have not thought 
this sufficient evidence for colouring the island* 

Seychelles* — The rocky islands of primary formation, 
composing this group, rise from a very extensive and toler- 
ably level bank, having a depth ol' between 20 and 40 
fathoms* In Captain Ow'en’s chart, and in that in the atlas 
of tlie Voyage of the Favouritej it appears tlmt the east side 
of Make and the adjoining islets of SL Anne and Cerfy are 
regularly fringed by coral-reefs. A portion of the S.E* part 
of Ctirieuse Island, the N^* ^md jxirt of the S*W* shore of 
Frash^n Island, and the whole west side of Island, appear 
fringed. From a MS* aeeount of these islands by Captain F* 
Moresby, in the Admiralty, it appears that SiUimette is also 
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fringed ; he stales that all these islands are formed of granite 
and quartz, that they rise abruptly from the sea, and that 
^ coral-reefs have grown round them, and project for some 
distance.’ Dr, Allan of Forre% who visited these islands, 
informs me that there is no deep w'afer between the reefs and 
the shore. The above specified points have been coloured 
red, AmiranUs Islands : the small islands of this neigh- 
bouring group, according to the MS, account of them by 
Captain F, Moresby, are situated on an extensive bank ; they 
consist of the debris of corals and shells j they are only about 
20 feet in height, and arc environed by reefs, some attached 
to the shore, and some rather distant from it, — I have taken 
pains to procure plans and information regarding the several 
islands which 3io to the S,E, and S,W. of the Seychelles ; 
from accounts given me by Captain F, Moresby and Dr. Allan, 
it appears that tlie greater number — namely, PlatUj AlphomCt 
Coetivi^ GaUga^ Fj'ovidence^ SL Pierre^ Astova^ Assompiion^ 
and Glorioso — are low, formed of sand or coral-rock, and irregu- 
larly shaped ; they are situated on very extensive banks, and 
are in connection with gi'cat coral-reefs. Galega is said by 
Dr* Allan to be rather higher than the others; and St* 
Pierre is described by Captain F. Moresby as being cavernous 
tl^roughout, and as not consisting . of either limestone or 
granite. These islands, as well as the Amixantes, certainly 
ate not atoU- formed, and tlicy seem to differ from aH other 
groups ; I have not coloured them ; but probably the ree& 
belong to tlie fringing class. Their formation is attributed 
both by Dr. Allan and Captain F, Moresby, to the action of the 
currents, here exceedingly violent, on banks which no doubt 
liave had an independent geological origin. They resemble 
in many respects some of the islands and banks in the West 
Indies, which ow'e their origin to a similar agency, in conjunc- 
tion widi an elevation of the entke aim. In close vicinity to 
the above several islands, tJiere are three others of an ap- 
parently different nature ; first, Jum^ de Nova^ ivhich appears 

Si 2 
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from some plang and accounts to be an atollj but from others 
this docs not appear to be tlie case ; not coloured. Secondly^ 
Cosmoledo : ‘ tins group consists of a ring of coralj ten leagues 
in circumference, and a quarter of a mile broad in some places, 
inclosing a magnificent lagoon, into which there did not appeai‘ 
a single opening’ (Ilorsburgli, voL i. p. 151) ; coloured blue. 
Thirdly, Aldahra : consists of three islets, about 25 feet iu 
height, witli red cliffs (Horsbuigh, voh i, p, 176), surround- 
ing a very shallow basin or lagoon. The sea is profoundly 
deep close to the shore. Viewing tliis island in a chart, it 
would be thought to be an atoll \ but the Ibregoing descrip- 
tion shows that there is something different in its nature ; Dr* t 
Allan also states that it k caveraous, and that the coral-rock 
has a vitriffed appearance. Is it an upheaved atoll, or the 
crater of a volcano ? — uncolourcd. 

Comoro GRom%— according to Horsburgh (vol* i, 
p* 216, 4th edit,), is complotoly surrounded by a reef, which 
runs at the distance of three, four, and in some places even 
fivo miles from the land j in an old chart, published by 
Dalrymple, a depth in. many places of 36 and 38 fathoms is 
laid down within the reef In the same chart, the space of 
open water within the reef is in some parts even more than 
three miles wide : the land is bold and peaked ; this island, 
therefore, is encircled by a well- characterized barrier-reef, 
and is coloured pale blue, — Johanna : Horsburgh says (vol, i, 
p* 217), this island from the NAV. to the S,W* point, is 
bounded by a reef, at the distance of two miles from the 
shore ; in some parts, however, the reef must be attached, 
since Lieut, Boteler (Narr. vol* i, p. 161) describes a passage 
through it, within which there is room only for a few boats. 
Its height, as T am informed by Dr, Allan, is about 3,500 
feet; it is very precipitous, and is composed of granite, 
greenstone, and quarto; coloured blue. — Afohilla: on the 
S* side of this island there is anchorage between a reef and 
the shore in from 30 to 45 fethoms (Horsburgh, voL i. 
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p. 214); it appears also enoirded in Captain Owen’s chart of 
Madagascar; coloured blue. — Gt'eat Comoro Island is, as 1 
am informed by Dr. Allan, about 8,000 feet Ligh^ and ap- 
parently volcanic ; it is not regularly encircled ; but reefs 
of various shapes and dimensions jut out from every liead- 
land on the W.j S.j and coasts, inside of which reefs 
there are channels, often parallel witli the shore, with deep 
water* On the N*W. coasts the reefs appear attached to the 
shore. The land near the coast is in some places bold, but 
generally speaking it is flat; Horsburgh says (vol. i* 
p* 214), the water is profoundly deep close to the shore^ from 
which expression I presume some parts are without reefs* 
From this description, I apprehend the reef belongs to the 
barrier class ; but I have not coloured it, as most of the 
charts wliich I have seen represent the reefs round it as very 
much less extensive tlian round the other islands of the group. 

MAUAGASCAin — My information is chiefly derived from the 
published charts by Captain Owen, and the accounts given by 
him and by Lieut* Boteler. Commencing at the 8*W. ex- 
tremity of the island : towards the northern part of Star Bank 
(in lat* 25® S.) the coast for ten miles is fringed by a reef ; 
coloured red* The shore immediately S. of St 
Bay appears fringed ; but Tulhar Harbour, directly of it, 
is formed by a narrow reef ten miles long, extending parallel 
to the shore, with from 4 to 10 fathoms within it* If this 
reef had been more extensive, it must have been classed as a 
barrier-reef ; but as the line of coast falls inwards here, a 
submarine bank perhaps extends |>ara]lel to the shore, which 
has offered a foundation for the growth of the coral ; I have 
left this part uncoloured. From lat, 22® 16^ to 21® 07^, the 
shore is fringed by coml- reefs (see Lieut, Boteler’s Niirrative, 
vol. ii. p* 106), less than a mile in ividth, and with shallow 
water within* There are outlying coral shoals in several 
ports of the o^ng, with about 10 ftithoms between them and 
the shore, and the depth of the sea one mile and a half sea- 
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ward, is only abont 80 fathoms, Tlie part above specified is 
engraved on a large scale ; and as in the charts on rather a 
smaller scale the same fringe of reef extends as far as lat* 
33^ 15^j I have coloured the whole of this part of the coast 
red. The islands of Juan de J^ova (in lat. S,) appear in 
the charts on a large scale to be fringed, but I liave not been 
able to ascertain whether the reefs are of coral ; nncolonred. 
The main part of the west coast appears to bo low, wdth out- 
lying sand banks, which Lieut, Boteler (voh ii, p. 106) says, 

^ are faced on the edge of deep water by a line of sharp -pointed 
coral-rocksf Nevertheless I have not coloured this part, as I 
cannot make out by the charts that the coast itself is fringed. 
The headlands of Nar7^e?ida and Passandava Bay a (14® 40^) 
and the islands in front of Badama harbour are presented in 
the plans as regularly fringed, and have accordingly been 
coloured red. With respect to the .East coast of Madagascarj 
Dr. Allan informs me, that the whole line of coast, from Tam- 
atave in 18'^ 12^ to 6h Ambe7' at the extreme northern point of 
the island, is bordered by coral-reefs. The land is low, tin- 
even, and gradually rises from the coast. From Captain 
Owen^s cliarts, the existence of reefs, wdiich evidently belong to 
the fringing class, N, of British Sound and Ngoncy^ might 
also have been inferred. Lieut, Boteler (vol. i, p, 155) speaks 
of ^ the reef suiTonnding the island of St. Mary's at a small 
distance from the shore.* In a previous chapter I have de- 
scribed, from the infortnation of Dr, Allan, the manner in 
which the reefs extend in N,E. lines from the headlands on 
this coast, thus sometimes forming rather deep channels within 
them : this seems caused by the currents, the reefs springing 
up from the submarine prolongations of the sandy headlands. 
The above specified portion of the coast is coloured red. The 
remaining S,E. portions do not appear in any published chart 
to possess reefs of any kind; and the Eev, W, Ellis believes 
that there are none. 

East Coast of Amuca,^ — The northern parts appear, for 
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a considerable spaccj to be without rcofs* iQ&rmation, I 
may observe, is derived from the siu^ey by Captain Owen, 
together with Ills Narrative ; and that by Lieut. Bolder. At 
Mukdeesha (2'^ 1^ N.) there is a coral-reef extending four or 
dve miles along the shore (Oweix^a Nar, yol. i. p. 357), which 
in the diart lies at a distance of a quarter of a mile from the 
shore, and has within it from fi to 10 feet of water : this then 
is a fringing- reef and is coloured red. From Juhuy a little S. 
of the equator, to Lamoo (in 2“ 20' S.) ^ the coast and islands 
are formed of madrepore * (Owen*s Narrative, vol. i, p. 3C3). 
The chart of this part (entitled Dundu^s^ Islands) presents an 
extraordinary appearance ; the coast of the mainland is quite 
straight, and is fronted at the average distance of two miles, 
by exceedingly narrow, straight islets, i ringed with reefs. 
Within this chain of islets, there are extensive tidal flats and 
muddy bays, into which many rivei'S enter : the depth of these 
spaces varies from one to four fathoms — the latter deptl: not 
being common, and about 12 feet the average. Outside 
the chain of islets, the sea, at the distance of a mile, varies 
in depth from 8 to 15 fathoms. Lieut. Boteler (Nar. 
vol. i* p, 369) describes the muddy bay of Paitay which seems 
to resemble other parts of the coast, as fronted by small, nar- 
row, level islets formed of decomposing coral, the margin of 
which is seldom of greater height than 12 feet, overhang- 
ing the racky surface from w^hich the islets rise. Knowing 
that the islets are formed of coral, it is I think scarcely possible 
to view the coast, and not at once conclude that wo here see a 
frlnging-reef, which has been upraised a few feet : the unusual 
depth f)f from t'WO to four fathoms within some of those islets, 
is probably duo to the mud of the rivers liaving prevented the 
growth of ccjrul near the shore. As several parts of Uiis line 
of coast are undoubtedly fringed by living reefs, I have 
coloured it red . — -MaUtnda (3® 20' S.) : in the plan of ilia 
harbour, tlie south headland app^^ars fringed ; and in Owen’s 
chart on a larger scale, the reefs arc seen to extend nearly 
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80 miles southward^ coloured red, Mombm (4® 5' S.) : 
the island which forms the harbour ‘ is surrounded by cliffs 
of madrepore, capable of being rendered almost impregnable' 
(Owen's Nar. voK i. p 412). The shore of the main land, 
K. and S. of Klombas, is regularly fringed by a coral-rccf at a 
distance from half a mile to a mile and a quarter from the 
land ; within the reef tlic depth is from 9 to 15 feot ; 
outside the reef the depth at rather less than half a mile is 
80 fathoms. From the chaita it appears that a space about 
36 miles in length, is here fringed ; colour€<t red , — Pemba 
(5® S,) is an island of coral formation, level, and about 
200 feet in height (Owen's Nar, voL i, p, 425) ; it is 85 miles 
long, and is separated from the main land by a deep sea. The 
.outer coast is represented in the charts as regularly fringed ; 
coloured red. The mainland in front of Pemba is likewise 
iringed , — Zanzibar resembles Pemba iu most respects; its 
Bouthern half on the ^western side and the neighbouring islets 
arc fringed ; coloured red. On the maiix land, a little B, of 
Zanzibar, there are some banks parallel to the coast, which I 
should Imve thought had been formed of coral, had it not been 
said (Boteler's Nar. ii, p. 80) that they were composed of 
sand : not coloured* — XotAaw's Bank is a small island fringed 
by coral-reefs ; but being only 10 feet high it has not been 
coloured, — Monftm is an island of the same character as 
Pemba : its outer shore is fringed, and its southern extremity 
is connected with Keelwa Point on the main laud by a chain 
of islands fringed by reefs ; coloured red. The four last- men- 
tioned islands resemble in many respects some of the islands 
in the Red Sea, ^vbich ivill presently be described, — Kedirn : 
in a plan of the shore, a space of 20 miles N* and S- of this 
place is fringed by reefs, apparently of coral ; those reefs are 
prolonged still further southward in Owen's general chart* In 
the plans of the rivers LindJ/ and (9® 50' and 10^ 7' 

S,) the coast seems to have the same structure, coloured red, — 
Queriniba Isiands (from 10® 40' to 18® S,) i a chart on a 
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]argo. scale is given of tliese islands \ tbej axe low and of coral 
formation (Botelcr'a Nar. vol. ii. p. 54) ; and generally liave 
extensive reefs projecting from them^ wbicli are dry at low 
tvater, and wliicli on tlie outside rise abruptly from a deep 
sea ; on the inside they are separated from tbe continent by a 
chsinnel, or rather a succession of baySj with an average depth 
of 10 fathoms. The small headlands on the continent also 
have coral banks attached to them ; and tbe Querimba islands 
and banks are placed on the line of prolongation of these head- 
lands, and are separated from them by very shallow channels. 
It is evident that whatever cause, whether the dnfting of sedt- 
ment or subterranean movements, produced the headlands, like- 
wise produced, as might have been expected, submarine prolon- 
gations to them; and these towards their outer extremities have 
since afforded a favourable btisis for tlm growtli of coral-reefs, 
and subsequently for the fonnatioii of islets. As these reefs 
clearly belong to the fringing class, the Querimba Islands 
luive been colom ed Ted.~Monubila (18® 32^ S.) : in the plan 
of this harbour, the headlands outside are fringed by reefs 
apparently of coral; coloured red . — Mozambique (15° &5.) r the 
outer part of the island on which the city is built, and the 
neighbouring islands are fringed by coral-reefs ; coloured red. 
From the description given in Owen^s Nar. (voh i. p. 162) the 
aliorc from 3Iozambiqne to Delaqoa Uay appears to be low and 
sandy : many of the shoals and islets off this line of coast are 
of coral formation ; but from their small size and lowness, it is 
not possible, from the charts, to know wli other they are truly 
fringed. Hence tins portion of coast is left im coloured, as m*e 
likewise those parts more nortlnvard, of which no mention has 
been made in the Ibregoing piiges, from the want of informa- 
tion. 

Pf.ie^iax Gulf, — From tlie charts lately publislied on a 
largo scale by the East Indian Company, it appears that several 
parts, especially the south era shores, are fringed by coral-reefs; 
but as the water is very shallow, and as there are numerous 
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sand*bat»ks> which are difficuIttcdiatiDguish on the chart from 
reefs, 1 have not coloured tlie upper part red. Towards the 
mouth, however, where the water is rather deeper, the islands 
of Ormuz and Larrackf appear so regularly fringed, that I 
have coloured them red. There are certainly no atolls in tlio 
Persian Gulf The shores of Lumaum^ and of the promontory 
forming the southern headland of tlie Persian Gulf, seem to be 
without reefs. The whole S.W. part of Arabia Felix j except 
one or two small patches, and the shores of Socotra appear 
from the charts and the memoir of Captain Haines (Geograph. 
Journ. 18U9j p. 125) to be without reefs. I believe there are 
no extensive coral-reefs on any part of the coasts of Indian ex- 
cept on the low promontory of Madura (as ali^eady mentioned) 
in front of Ceylon* 

Kki> Sea. — My information is chiefly derived A‘om the 
admirable charts published by the Past India Company in 
183 G, from personal communication with Captain Moresby, one 
of the surveyors, and from tlio excellent memoir, ^ Ueber die 
Natur der CoraUen-Banken des Eothen Meeres,^ by Ehreii- 
berg. The plains immediately bordering the Red Sea seem 
to consist chiefly of a sedimentary formation of the newer ter- 
tiary period. The sliore is, with the exception of a few parts, 
fringed by coral-reefs. The water is genenilly profoundly 
deep close to the shore ; but this fact, wliich has attracted the 
attention of most voyagers, seems to have no neceasary conuce- 
tion with the presence of reels ; for Captain Moresby piirticu- 
larly observed that, in lat. 24® 10' on the eastern side, there is 
a piece of coast with very deej> water close to it, without any 
reefs, but not differing in any other respect from the usual 
coast line. The most remarkable feature in the Red Sea is 
the chain ef submerged banks, reefs, tmd islands, ] 3 dng some 
way from the sliore, chiefly on the (taster u side j the space 
within being deep enough to admit safe navigation in small 
vessels. The banks are generally of an oval form, and some 
miles in width ; but some of them arc veiy long in proportion 
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to their Tvidth, Captain Moresby informs me that any one who 
had not made actual plans of them, would be apt to think that 
they were much more elongated than they really iire, IMany 
of them rise to the surfacej but the greater number lie iiom 
5 to 30 fathoms beneath it^ with irregular soundings on them. 
They consist of sand and living coral ; the latter in most cases, 
according to Captain Moresby, covering the greater part of their 
surface, Tliey extend parallel to the shore, and are not nn- 
frequently connected in their middle parts by short transverse 
banks with the main land. The sea is generally profoundly 
deep quite close to them, as it is near most parts of the coast 
of the main land ; but this is not universally the case, for be- 
tween lat. 15“ and 17“ the water deepens quite gradually from 
the banka, both on the eastern and western shores. In many 
parts islands rise from the banks ; they are low, flat -topped, 
and consist of the same horizonbilly stratified formation with 
that forming the plain-likc margin of the main land. Some of 
the smaller and lower islands consist of mere sand. Captain 
Moresby in forms mo that small masses of rock, the remnants 
of islands, are left on niany of the banks where there is now 
no dry land, Ehrenberg also asserts that most of the islets, 
even the lowest, have a fiat abraded basis, composed of the 
same tertiary formation as elsewhere ; tmlieves that as soon 
as the surf wears doivn the protuberant paints of the banks to 
just beneath the level of the sea, the surface becomes protected 
from further abrasion by the growtli of coral, and he thus 
accounts for the existence of so many banks standing on a level 
with tlie surface of this sca> It appears that most of the islands 
are certainly decreasing in size. 

The banks and islands arc curiously shaped in the parts 
just referred to, namely, from lat. 15“ to 17“, where the sea 
deepens quite gradually : the Dhalac group, on tl)e western 
coast, is fiur rounded by an intricate archipelago of islets and 
shoals ; the main island is irregular in outline, and includes a 
bay seven miles long, by four across, in which no bottom 'was 
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found witli 252 feet \ there is only one entrance into it,, half a 
mile ivide, and with an island in front. ' The submerged banks 
on the eastern coast, within the same latitude s, round JTariiau 
Island, ELTQj likewise, penetrated by many narrow creeks of deep 
water ; one is twelve miles long, in the form of a hatchet, and 
close to its broad upper end, soundings were not struck with 360 
feet j its entrance is only half a mile wide. In another creek of 
the same nature, but even with a more irregular outline, there 
was no bottom with 480 feet. The island of Farsan itself, 
has as singular a ibrm as any of its surrounding banks. The 
bottom of the sea round the Dhalac and Farsan Islands con- 
sists chiefly of sand and agglutinated fragments of coral, but, 
in the deep and narrow creeks, it consists of mud ] the islands 
consist of thin, horizontally stratified, modem tertiary beds, 
containing but little broken coral ; ^ their shores are fringed 
by living coral-reefs. 

From the accoimt given by Klippell ® of the manner in 
which Dhalac is rent by fissures, the opposite sides of which 
have been unequally elevated (in one instance to the amount 
of 50 fectl, it seems probable that this irregular form, aa well 
as that of Farsau, may have been partly caused by unequal 
elevation ; but, considering the general form of the banks, and 
of the deep-w'ater creeks, together with the composition of the 
land, I think their configuration is more probably due in great 
part to currents having drifted sediment over an uneven bot- 
tom. It is almost certain that their form cannot be attributed 
to the gl ow th of coral. The greater number of banks on the 
eastern side of the Red Sea seems to have originated iu nearly 
the same manner, whatever this may have been, as the 
Dhalac and Farsan archipelagoes. I judge of this from their 
similar configuration (in proof of which I may instance a 
bank on the east coast in lat. 22°) and from their similar com- 
position. The depth, however, within the banks nortlnvard of 

' EiippelL EeiBe in Ah) ssinic, hand i. g. 24T- ^ Ibid. s. 245. 
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lat. 17° is uaualiy greater, arid their outer niden shelve more 
abruptly (circumstances which seem to go together) than in 
the Dhalac and Farsan ai'chipelagoes ; but this may have been 
caused by a stronger action of the currents during their forma * 
tion ; moTOOver, the greater abuudance of living coral on the 
northern banks, tends to give them steeper margins. 

From this account, brief and imperfect as it is, we can 
sec that the great chain of banks on the eastern side of the 
lied Sea, and on the western side of the southern portion, 
diflet greatly from true barricr-i'cefs, which are wholly formed 
by the growth of corah Ehrenberg also concludes (0ebcr die, 
Jtc. pp, 45 and 51) that th<^ banks owe their origin in a 
quite secondaiy manner to the growth of corah He remarks 
that the islands off the coast of Norway, if worn dowm level 
with the sea, and merely coated with living coral, would pre- 
sent a nearly similar appeaj'ance. It seems, howoverj from 
information given me by Dr,Malcolmsoii and Captain Moresby, 
that Ehrenberg has rather under-rated the iniluenee of 
corals on the formation of the tertiary deposits of the Red 
Sea. 

The WeH Coast of the I^ed Sea between Lat. lO'^ atid 22°. 
— Reefs exist here, which, if I had knorni nothing of the 
others in the Red Sea, I should imhositatingly have considered 
as barrier- reefs, Oae of these reefs, in 20® 15', is twenty 
miles long, less than a mile in width (but expanding at the 
nortliern end into a disk), slightly sinuous, and jjarallel to the 
main land at the distance of five miles from it, with veiy^ deep 
water inside, so that in one place soundings were not obtained 
with 205 fathoms. Some leagues further soutli, there iw 
another very nari’ow reef, ten miles long, with other small 
portions of reef, north and south, almost connected "with it j 
and within this line of reefs (as well as outside) the water is 
profoundly deep. There are tdso some small linear and sickle- 
formed reefs, lying a little way out at sea. All tliese reefs arc 
covered, aa I am informed by Captain Moresby, by living corals. 
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Here, theo, we have all the characters of reefs of the banier 
cl 1133 , and some of the outlying reefs parti all j resemble atolls* 
My only source of doubt arises from the narrowness and 
straightness of the spits of sand and rock in the Dhalac and 
Faraan groups ; one of these spits in tlie former group is nearly 
fifteen miles long, only two broad, and is bordered on each 
Side with deep watxjr ; so that, if worn down by the surf, and 
coated with living corals, it would form a reef nearly similar 
to those within the space under consideration. Nevertheless 
I cannot believe that the many small, isolated, and sickle- 
formed reefs, as well as others long, nearly straight, and very 
narrow, with the water unfaibomably deep close round them, 
could have been formed by corals merely coating banks of sedi- 
ment or the abraded surfaces of Irregularly shaped islands* 
It seems more probable that the foundations of these reefs have 
subsided, and that the corals, during their upward growth, have 
given to them their present forms, I have, therefore, witli 
much hesitation coloured this part blue. 

The Wesi Coast, Lat. 22^ to 24 ^. — Thia part of the 
coast (north of the space coloured blue on the map) is fronted 
by an irregularly shelving bank, from 10 to .^0 :fe.thoms deep ; 
numerous little reefs, some of which have the most singular 
shapes, rise from this bank* Many of them may have been 
formed by the growth of coral on small abraded islets ; but 
some almost atolb formed reefs rising from deep water near a 
promontory in lat. 24®, arc probably aUied to the baiTier class. 
I iiavo not, however, ventured to colour this portion of coast 
blue* — Ofi the west coast, fro?7i lat. 19® fo 17® (south of the 
space coloured blue on the mop), tliere are many low islets of 
small dimensions, not much elongated, and rising out of great 
depths at a distance from the coast t these cannot be classed 
cither with atolls, or barrier, or fringing-rcefs. 

Eastern Coast — There arc many small outlying coral- 
reefs along this whole line of coast ; but as the greater number 
rise from banks not very deeply submerged, their origin, as 
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we have seen, may be due Himply to the growtli of corals on 
an irreguhnr abraded foundation. But between lat, 18'^ and 
20'^ there are so many linear, elliptic and extremely small 
reefs, rising abruptly out of profound depths, that the same 
reasons which led me to colour a portion of the west coast 
blue, have induced me here to do the same. There are some 
small outlying reefs on the east coast, nortli of lat, 20^ (tl^c 
northern limit coloured blue), which rise from deep water ; 
but as they are not numerous, and as scarcely any of them 
are linear, I have left tlicm uncoloured. 

In the soiUheni parts of the Red Sea, considerable spaces 
of the main land, and some of the Dhalac islands, are skirted 
by reefs, which, as I am informed by Captain Moresby, are of 
living coral, and have all the characters of the fringing class. 
As there are here no outlying linear or sickle-formed reefs, 
rising out of unfathomable depths, I have coloured these part«. 
of the coast red. On similar grounds I have coloured the 
7iorthern parts of the western coast (north of lat, 21° 30^) 
red, and likewise the shores of the chief part of the Cfttlf of 
Suez, In the Gulf of Acabay as I am informed by Captain 
Moresby, there are no coral-reefs, and the imter is profoundly 
deep. 

West Indies, — My infomiation regarding the reefs of this 
urea is derived from various sources, and from an examina- 
tion of mimerous charts ; especially of those lately executed 
(luring the survey under Captain Owen, I lie under par- 

ticuhir obligation to Captain Bird Alien, one of the mem- 
bers of the late survey, for many personal communications oa 
this subject. As in tho case of the Red Sea, it is necessary to 
make some preliminary remarks on the submerged banks of 
the West Indies, which are in some degree connected with 
coral-reef]^ and cause considerable doubts in their classifieation. 
That large accumulations of sediment are in progress on the 
West Indian shores, will be evident to any one who examines 
the charts of that sea, especially of the portion north of a line 
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joiniDg Yucatan and Florida. The area of deposition seems 
less intimately comiectcd with the debouch oment of the great 
rivers, than witli the course of the sea -currents \ as is evident 
from the vast extension of the banks from tlie promontories of 
Yncufan and Mosquito. 

Besides the coast- banks, there are others of various dimen- 
sions which stand isolated ; these closely resemble each other ; 
they lie from 2 or 3 to 20 or 30 fatJioms under water, and are 
composed of sand, sometimes firmly agglutinated, with little or 
no coral ; their surfaces are smootli and nearly level, shelving 
very gradually to the amount of a few fathoms all round 
towards their edgea, where they plunge abruptly into the un- 
fathomable sea. This steep inclination of their sides, which is 
likewise characteristic of the coast-banka, is very remarkable : 
I may give as an instance, the Mister iosa Bank, on the edges 
of which the soundings change in 250 fathoms horizontal dis- 
tance, irom 11 to 210 fathoms,- olf the northern point of Old 
Providence bank, in 200 fathoms hori^sontal distance, tlio 
change is from 10 to 152 fathoms; off the Great Bahama 
Bank, in IGO fiithoms horizontal distance, the inclination is in 
many places from 10 fathoms to no bottom with 130 fathoms. 
In all parts of the world, whore sedimeut is accumulating, 
something of the same kind may bo observed; the banks 
shelving very gently far out to sea, and then terminating 
abruptly. The form and composition of the banks in tliO 
middle parts of W. Indian sea, clearly show that their origin 
must be chiefiy attributed to the accumulation of sediment ; 
and the only obvious explanation of their isolated position is 
the presence of a nucleus, round wdiich the currents have col- 
lected fine drift matter. Any one who wdll compare the bank 
.surrounding the hilly island of Old Providence, with the banks 
in its neighbourhood which stand isolated, will scarcely doubt 
that they surround submerged mountains. We are led to the 
same conclusion by examining the bank called Thunder Knoll, 
which is sepamted from the great Mosquito bank by a channel 
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only soven miles wMe, and 145 fathoms deep. There cannot 
be any doubt that the Mosquito bank has been formed by the 
accumulation of sediment round the promontory of the same 
name ; and Thunder Knoll resembles the Mostpiito bank, in 
the state of its surface submerged 20 fathoms, in the inclina* 
tioii of its sides, in composition, and in every otlier respect. 

1 may observe, although the remark is here irrelevant, that 
geologists sliould be cautious in concluding that all the ont- 
lyers of any formation have onco been connected together, for 
we here see that deposits, doubtless of exactly the same nature, 
may be deposited with large valley -like spaces between them. 
Linear corabrcols and small knolls project from many of 
the isolated, as well as from the co;ist banks j sometimes they 
are irregularly placed, as on the Mosquito bank, but more 
generally they form crescents on the windward side, situated 
some little distance within the outer edge : — thus on the 8er- 
mnitla bank they Ibrrn an interrujited chain which ranges 
between two and three miles within the windward margin : 
genendly they occur, as on Roncador, Courtoivn and Ancgada 
banks, nearer the line of deep water. Their occurrenco on 
tlie windward side is conformable to the general rule, of the 
efficient kinds of corals flourishing best where most exposed j 
but I cannot explain their position some way within the line 
of deep water unless it be that a depth somewhat less than 
that close to the outer margin is most favo^irable to tlieir 
growth. Where the corals have formed a nearly continuous 
rim, close to the windward edge of a bank some fathoms sub- 
merged, the reef closely rcj^cmbles an atoll ; and if the bank 
surrounds an islmid (as in the case of Old Providence), the 
reef rcsemldes an encircling barrier-reef, I should undoubtedly 
have classed some of these fringed banks as imperfect atolls, 
or barrier-reefs, if the sedimentary nature of their foundations 
had not been evident from the presence of other neighboxtring 
banks, of similar forms and of siniilar composition, but with- 
out the crcscent-Iike marginal reef. In the third chapter, 1 

S 
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remarked that some atoIl-Iike reef^ probably did exist, which 
had originated in the manner here BUpposed. 

Proofs of elevation within recent tertiary periods abound, 
as referred to in the sixth chapter, over nearly the whole area 
of the West Indies. Hence it is easy to undei stand the origin 
of the low land near those coasts where sediment is now ac- 
cumulating I for instance, on the northern jxirt of Yucutan, and 
on the N.K* part of Mosquito. Ilcnccj also, the origin of the 
great Bahama banks, which arc bordered on their western and 
soutliem edges by narrow, long, singularly-shaped islands, 
formed of sand, slid Is and coral -rock, some of them being 
about it hundred feet in height, is easily explained by the ele- 
vation of banks fringed on their windward sides by coral-reefs. 
On this view, however, we must suppose eith^^r that the great 
Bahamji ssind-banks were all oTiginally deeply submerged, and 
were brought up to their prt^ent level by the same elevatory 
action which formed tlie linear islands ; or tliat during the 
elevation of the hanks, tlie superlicial currents and swell of 
the waves '^vorc tlnmi down, and kept them at a nearly imiform 
lev eh But this level is not quite uniform j for in proceeding 
from tlie X,W, end of the Bahama group towards the S.E., the 
depth of the banks increnscH, and the area of land decreases, 
in a very gradual and remarkable manner. ^Jlie view that 
these banks have been 'worn down by the currents and waves 
of the sea during their elevation, seems to me the most prob- 
able one. This view Is also, 1 believe, applicable to many of 
tlie submerged banks, in widely distant parts of the West 
Indian sea ; for, on any other view, the elevatory forces must 
have acted with astonishing uuifomiity. 

The sltore of the Gulf of Mexico, for a space of many 
hundred miles, is formed by a chain of lagoons, from 1 
to 20 miles in breadth (Goliuiibian Navigator, p. 178, 
cfec.), containing either fresh or salt water, and separated 
from the sea by linear strips of sand. The sliores of southern 
Bra'.iil, and of the United States from Long Island (as 
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observed by Professor Rogers,) to Florida, bave tbe same 
ebaracter. Professor Rogers, ia bis Report to tbe British 
Aa'^ciation (vol, iii. p. 15), speculates on the origin o£ 
these low, sandy, linear islets; he states that die layers of 
which they are composed am too homogeneous, and contain 
too large a proportion of shells, to permit the common sup- 
position of their formation being simply due to matter thrown 
up, where it now lies, by the surf : he considers these islands 
as iipheaved bars or shoals, which were deposited in lines 
where opposed currents met. It is evident that these islands 
and spits of sand parallel to the coast, and separated from it 
by shallow lagoons, have no necessary connection with coral- 
formations. 

Having now endeavoured to remove some sources of doubt 
in classifying the reefs of the West Indies, I will give my 
authorities for colouring such portions of cocist as I have 
thought myself warranted in doing. Captain Bird Allen in- 
forms me that most of the islands on the Bahamti Bo.nk^i are 
fringed, espeoially on their windward sides, with living reefs; 
and hence I have coloured those, wliich are thus represented 
in Captain Owcu’s chart, red. The same officer informs me, 
that the islets along the southern part of Florida are sintilaiiy 
fringed ; coloured red. — CtniA : proceeding along the northern 
coast, at the distance of 40 miles from the extreme S,E. 
point, the shores arc ftinged by reefs, which extend westward 
for a space of 100 miles, wutli only a few breaks. Parts of 
these reefs are represented in the plans of the harbours on 
this coast by Captain Owen ; and an excellent description is 
given of them by ^fr. Taylor (Loudon’s Mag. of Kat. Hist. 
Yoi. ix. p. 449) ; he states that they enclose a space called the 
* haocOy from half to tliree-qiiarters of a mile in width, wdtli a 
sandy bottom, and a little corah In most parts people can 
wade, at lo'w water, to the reef ; but in some parts tlio depth 
is betiveen two and three fathoms. Close outside tiie reef, the 
depth is between six and seven fathoms : these well-charac- 

s 2 



The Complete Work of Charles Darwin Online 



260 



APPENDIX. 



terizcd fringiDg-reefs nre coloured red. — Westward of long. 
77® 3(y> on the northern side of Cuba, a groat bank com- 
mences, vrhich extends along the coast for nearly four degrees 
of longitude. In its structure, and Ju the or low islands 

on its edge, there is a murkod correspondence (as observed by 
Humboldt, Pers. !Narr* vol. vii. p* 88) between it and the great 
Bahama and Sal Banks, which He directly in front. Hence 
one is led to attribute the same origin to all these banks ; 
namely, the accumulation of sediment, conjoined with an 
elcvatory movement, and the growth of coral on their outer 
edges. The parts which are fringetl by liviog reefs are 
coloured red. — Westward of these banks, there is a portion 
of coast apparently without reefs, except in the harbours, the 
shores of which seem in the published plans to be fringed. — 
The Colorado Shoals (see Captain Owen^s charts), and the low 
land at the western end of Cuba, correspond as closely in 
relative position and structure to the banks at the extreme 
point of Florida, as the banks above described on the norlli 
side of Cuba, do to the Bahamas. The deptli within the islets 
and reefs on the outer edge of the Cohrmlo^^ is generally be- 
tween two and three fathoms, increasing to 12 fathoms in the 
southern p;irt, where the Imnk becomes nearly open, without 
islets or coral-reefs ; the portions which are fringed are coloured 
red, — The southern shore of Cuba is deeply concave, and the in- 
cluded space is filled up with mud and sand banks, low islands 
and coral-reefs. Between the mountainous Ide of Fine^ and the 
southern shore of Cuba, the general depth is only between two 
and throe fathoms; and in this part, small islands, formed 
of fragmentary rocks and broken madrepores (Humboldt, 
Pel's. Narr. vol. vii. pp, 51, 86 to 90, 201, 800, 820), rise 
abruptl}', and just reach tlm surface of the sea. From some 
expressions used in the Columbian Navigator (toI. i. pt ii. 
p. Oi), it appears that considerable spaces along the outer 
coast of south eni Cuba are bounded by cliffs of coral -rock, 
formed probably by the upheaval of coral-reefs and Kmd- 
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banks, Tlie charts represent the southern part of the lale 
of Pines as fringed by reefs, which the Columb* ISTavig. says 
extend some way from the coast, hut have only Irorn 9 to 
12 feet of water on them j these are colottred red.— I ha^^c 
not been able to procure any detailed description of the large 
group of banks and ^ cays ’ further eastward on the southern 
side of Cuba ; within them there is a large expanse, with a 
muddy bottom, Ifom 8 to 12 lathoms deep : although some 
parts on this line of coast are represented in tiie general 
charts of the West Indies, as Irin ged, 1 ha%^e not thought it 
prudent to colour them. The remaining portion of the south 
coast of Cuba appears to be without coral-reefs. 

YuCutan, — The KJ!]. part of the promontory appears, in 
Captain Oweifs chai ts^ to be Iriuged ; coloured red. The 
eastern coast from 20^^ to 18^ is fringed. South of lat. 18“, 
there commences the most remarkable reef in the W est Indies : 
it Is about 130 miles in length, ranging in a IN', and 8, line, at 
an average distance of 15 miles from the coast. The islets on 
it are all low, aa I have been informed by Captain B, Allen ; 
the water deepens suddenly on the outside of the reef, but not 
more abruptly than off many of the sedimentary Imnks ; 
within its southern extremity (ofF Ilond^iraf^) the depth is 
25 fathoms ; but in the more noilhern parts, the depth soon 
decreases to 10 fathoms, and within the northernmost part, for 
a space of 20 miles, the depth is onl^ from one to two 
fathoms. In most of these respects we have the character- 
istics of a barrier-reef; nevertheless, from observing, first, 
that the channel within the reef is a continuation of a great 
irregular bay^ which penetrates the main land to the depth of 
50 miles I and secondly, that eonsiderably spaces of this 
barrier-like reef (for instance, in lat, 16^ 45^ and Id'^ 12^) 
are described in the charts as formed of pure sand; and 
thirdly, from knowing that sediment is accumulating in many 
parts of the West Indies in banks parallel to tlie shore ; I 
have not ventured to colour this reef as a barrier. To add 
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to mj doubtp, close outside this barrier-like reef, TurnejT^^ 
Lighthouse^ and Glover rcofe are situated, and these Iiave so 
completely the fonu o£ atolls, that i£ they had occurred in 
the Pacific, I sliould not have hesitate^d to colour them blue, 
Tuj'iieffh Hee/ seems almost entirely filled up with low mud 
islets; and the depth within the other two reefs is only from 
one to three fathoms. From tliis circumstance, and irorn their 
similarity in form, structure, and relative position, both to the 
bank called Northern Triangles ^ on which there is an islet 
between 70 and 80 feet in height, and to Cozumel Island, the 
level surface of which is likewise between 70 and 80 feet 
high, it is probable that the throe foregoing Ixinks are the 
worn- down bases of upheaved shoals, fringed with corals ; left 
D ncolourcd. 

In front of the eastern Mosquito coast there are, between 
latu 12* and 16*, some extensive brinks (already mentioned), 
with high islands rising from tl^cir centres, and others wholly 
submerged, both kinds being bordered, near their windward 
margins^ by crescent- shaped coral-reefs. But it can liar cl ly 
be doubted that those banks oive their origin, like the great 
bank extending from the Mosquito promontory, almost en- 
tirely to the accumulation of sediment, and not to the growth 
of corals ; hence I have not coloured them. 

Cagman fslund : this island appears in the charts to bo 
fringed; and Captain B. Allen informs me that reefs extend 
about a mile from the shore, and have only from 5 to 12 feet 
of water ivithin them ; coloured red . — Jamaica t judging from 
the charts, about 15 miles of the S.E. extremity, and about 
twice that length at the fi.W. extremity, and some portions 
on the S. side near Kingston and Port Royal, are regularly 
fringed, and arc tliereforc coloured red. From the plans of 
some harbours on the N. side, parts of the coast appear to bo 
there fringed ; but 1 have not coloured them . — SL Domingo : 
T have not been able to obtain sufficient information, either 
from plans of the harbours, or from general charts^ to enable 
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me to colour any part of tLe coast, except 60 miles from Port 
de Plata westward, which seems regularly fringed : mauy other 
parts, however, of the coast are probably fnnged, especially 
tow'ardsthe eastern end of the island, — Pu€rto Ilico : cousider- 
able portions oi' the southern, western, and eastoru coasts, and 
some parts of the northern coaat, appear in the charts to be 
fringed \ coloured red. Some miles in length of tlio stmthem 
side of t he Island of tSt. TkomaJi is fringed ; most of the V^irgin 
Gorda Islaods, as 1 am infonnod by Sir lb Schombui'gt, are 
fringed ; the shores of Auegaday as well as the bank on vfhicli 
it stands, are likewise fringed j these islands have been coloured 
red. The greater part of the southern side of Santa Ci'nz 
appears in the Danish survey to be fringed (iscc also Professor 
llovey^S account of this island, iu Billiman’s Jotiriial, voL 
XXXV. p, 74) ; the reefs extend along shore fur a considerable 
space, and project rather niore than a mile ; the d<ipth within 
the reef is three fathoms ; coloiixed red* — Tho A 7dilles^ as re^ 
marked by Yon Euch (Descrip* lies Canarios, p, 1D4), may 
be divided into two linear groups, tfie wCBtei n row being vol- 
canic, and the eastern of modern calcareous origin ; my in lor- 
ination is very defective on the wlrole group. Of the eastern 
islands, Barbuda and the ivestern coasts of Auiigna and 
MiiriagaUmte appear to be fi-iiiged ; this is also the case vritli 
Barbadocs^ as I have been informed by a resident ; these 
islands are coloured red* On the shores of the western An- 
tilles, of volcanic origin, veiy few coral-reefs appear to exist. 
Tho island of Martmupie^ of wdneli tlicre ^arc beautiful ly exe- 
cuted Frencli chartB on a very largo scale, alone present? any 
appearance worthy of special notice. The south-western, 
soutliern, and eastern coasts, together forming about hidf 
tho circumfercrLce of the island, are skirted by very irregular 
banks, projecting generally rather less than a mile Irom the 
shore, and lying Irom two to five fathoms submeiged. In 
front of almost every valley, they arc breached by narrow^ 
crooked, steep-sided passages. The French engineers asccr- 
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tainod by Vioi-lngj that these submerged banks consisted of 
inadrcporitic rocks, covered In many }>arts by thin layers of 
mud or s^l^d- Froiii this fact, and especially from the struc- 
ture of tlie narrow breaches, these banks were probably formed 
by living i-eefs, ivLioh fringed the shores of the island, and 
once reached the surface. From some of these submei^ed 
banks reefs of liviiig coral still rise abruptly, eitltcr in small 
detached patches, or m lines parallel to, but some way within* 
the margitu Besides the above banks which skirt the shores 
of the island, there is on the eastern side a range of linear 
l^anks, similarly constituted, ^0 miles in length, extending 
parallel to the coast-line, and separated froni it by a space 
between tivo and four miles in width, and from o to Id 
fathoms in depth. From this range of detached banks, some 
Jiiiear reefs of living conil likewise rise abruptly; and if they 
had been of gi^ter length (for they do not front more than a 
sixth part of the circmnlerence of the island) they would ne- 
cessiirily from their position lia\'e been coloured as harrier- 
reefs ; as tho case stands, tlmy are left imcolourcd. 

FLoiaDA.“An aecoimt of the reefs on this coast, together 
witli references to various authorities, will be found in Pro- 
fessor Banu^s work on Corals and Coral Islands, 187^, p. 201. 

The Beioil'da Isj.ands have been carefully described by 
Lieut. Kelson, in an oxcellent memoir in the Geol. Transac- 
tions (voJ. V. part i, p. 105). ) n the form of the bank or reef, 

on one side of ivhich tlie islands stand, there is a close general 
resemblaoce to an atoll ; but in the following n-spects there is 
a considerable difference,— first, in llie margin of the reef not 
forming (as I have been informed by IMr. OhafTers, R.H,) a 
fiat, solid surface, which is laid bare at lo^v■ w'ater ; secondly, 
in the water gradually shoaling for nearly a mUo and a hallTn 
width round the entire reef, as may be seen in Captain lluixPs 
chart; and thirdly, in the size, height, and extraordinary 
form of the islands, which present little resemblance to the 
long, narrow, simple islets, seldom exceeding half a mile in 
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breadth, which mrmount the anmdar reefs of alnKist all the 
atolls in the Indian and Pacific Oceans, l^foreover, tliere are 
evident proofs (Iselson, ibid, p. 118) tliat islands similar to 
the existing ones formerly extended over otlior parts of the 
reef. Tt would, I believe, l>e difiicidt to fmd a true atoll wdih 
land exceeding 30 feet in height ; W'hereas. Mr. Ncl^n esti- 
mates the higliest point of the Bermuda Islands at 2GO feet ; 
if, liow’^cver, Mr. i^clson's view, that the whole land consists of 
siitid drifted by the winds and agglutinated together, is correct 
this difference would be immaterial ; bttt, from his own ac- 
count (p. 118h there occur in one place, five or six layers of 
red earth, interatratified wdtli the ordinary calcareous n>ck, 
and including stones too heavy for the wiad to have moved, 
without having at the same time utterly dispersed every grain 
of the accompanying drifted matter. Mr, Nelson attributes 
the origin of these several layers, with their embedded stones, 
to violent catastrophes ; but furtlier investigation has generally 
succeeded in explaining such phenomena, by simpler means, 
Pinally, 1 may remark that these islarid.s bear a considerable 
resemblance in shape to Barbuda in the Wc^t Indies, and to 
Pemba on tlie eastern coast of Africa, which latter island is 
about 200 feet in height, and consists of coral-rock. I believe 
that t!>e Bermuda Islands, from being fringed by living reefs, 
ought to have been coloured red ; but 1 have left them un- 
coloured, on account of their general resemblance in external 
forjii to a kgoon-ieland or atoll. Professor Dana (Gbrals and 
Conil Islands, pp. 218, 2f>9) ranks them in this class. 



Suppl€7tient on a rmarl^ai^k Bar of Sandstone of FemoTnhico^ 
on the Coast of BraziL (Originally published in the 
Philosophical Magazine, October 181-1, p. 257,) 

In entering the harbour of Pcniambuco, a vessel passes 
close round tlic point of a long reef, which, viewed at high 
water when the waves break heavily over it, would naturally 
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be thought to be of coral formation, but wljeu beliekl at low 
^vater might be misitaken for an artificial breakwater, erected 
by Cyclopean workmen. At low tide it shows itself as a 
smooth level-topped ridge, from 30 to 60 yards in widtlj, 
with even sides, and extending in a pe?'f€Ctlf/ straight line, for 
several miles parallel to the shore* OIF the town it inchides a. 
shallow lagoon or channel about half a mile in width, which 
further south decreases to scarcely more than a hundred 
yards. Close within the northern point, ships lie moored to 
old guns let into the reef. Here, on the iimer side, at low 
water spring-tides, a section of about seven feet in height is 
exhibited. This consists of bard pale-coloured stindstone 
breaking with a smooth fracture, and formed of siliceous 
grains, cemented by calcareous matter. Well-rounded (|uartz 
pebbles, from the size of a bean, rarely to that of an apple, are 
embedded in ir, together with a very lew fragments of shells. 
Traces of st rati fi cation arc obscui'e, but in one spot there ^vas 
an included layer of stalaclitic limestone, an eighth of an inch 
in thickness'. In another place some iaJse strata, dipping 
landwards at an angle of 45®, were capped hy a horizontal mass. 
On each side of the ridge quadrangular fragments have sub- 
sided ; and the wliole maas is in some places fiasured, appa- 
rently from the -washing out of some sc>ft underlying bed. One 
day, at low water, I walked a full mile along this singular, 
smooth, and narrow causeway, with waiter on both sides of me, 
and could see that for nearly a mile further south its form re- 
mained unaltered. In Baron Koussi n’s beautiful chart of 
PeTiiarnbuco (Xe Ft lot e du Jire'sU) it is represented as stretch- 
ing on, in an absolutely straight line, for several leagues ; how 
far its composition remains the Sione, 1 know not; but from 
the accounts I received from intelligent native pilots, it seems 
to be replaced on some jtai ts of the coast by true coral-reefs. 

The upper surface, though it must on a large scale be 
called smooth, yet presents, from unequal disintegration, nu- 
merous small irregularities. The larger imbedded pebbles 
stand out supported on short pedestals of sandstone* There 
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fire, al?Oj many simtoiis cavities^ two or throe inclies in width 
and depth, and from fiix inches to two feet in length. Tlic 
upper edges of Oiese furrows sometimes slightly overhang their 
sides; and tliey end abruptly with a rounded outline* A 
1 urroiv occasionally branches into two arms, but generally they 
run nearly parallel to each other, in a line transverse to the 
siiridsrone. ridge. I know not how to account ibr tlieir origin 
except through the washing to and fro of pebbles in originally 
slight depre:^ions, by the waves which break daily over the 
bar* Opposed to this notion is the Ihct that some of these 
furrow’s were lined witli numerous small living The 

exterior sur/ace of the bar is coated with a thin layer of cal- 
careous matter ; this, on ihe outer stjbsided iiiasst^s, w liich can 
be reached only at low' water, between the successively break- 
ing waves, is so tliick that 1 could aekloin expose the sand- 
stone by tlic aid of a heavy hammer. 1 procured, hmverer, 
some fj-agmentB, which were between three and four inches in 
thickness, and consisted chielly of small including 

some Jiaiant, ’with a lew thin paper-lilcc layers of a A^ullipoi'a. 
Tlic surface alone is alive, and all within consists of the above 
organic bodies, filled up with dirty white calcareous inattui^ 
The layer, though not hard, is tough, and from its rounded 
surface resists the breakers. Along the w'holc external margin 
of the bar, 1 only saw' one very small point of sandstone which 
%vas exposed to the surf. In the Pacific and Indian Oceans the 
outer and upjjer margin of the coml-recfs are, as w’e have seen, 
protected by a similar coating; but formed almost exclusively 
of several species of A^nUjpor(e. Lieut* Kelson, in his excel- 
lent memoir on tiie Bermudas (Geol. Trans* vol. v. part 1, 
p* 117), says that the reefs tlKre are formed of simiJar masses 
of jSarptthi' ; but 1 suspect that they are only tii us coated. 

I en<]uircd from some old pilots at Pernambuco whether 
there was any tradition of the bar having undergone any 
change during the lapse of time j but they w^ere unanimous in 
answering me in the negative* It is astonishing to reflect, 
that although waves of turbid w-atcr, charged with sediment, 



The Complete Work of Charles Darwin Online 



268 



ArPEJSDIX, 



iire driyen night and day by the couseless trade wind against 
the abrupt edges of this natural bi'eakwater, yet tlmt it has 
lasted in its present perfect state ibr centuries^ or perhaps for 
thousands of years. Seeing that the surficc on the inner side 
does giadiially wear away^ as shown by the pebbles on the 
little sandstone pedestals, tins durability must be entirely due 
to the protection ailbrded by the thin coating of Serpuloi and 
Other organic bodies. This is a. fine example of what apparently 
inefficient means may be effectual* 

I believe that similar bars of rock occur in front of some 
of the other bays and rivers on the coast of Brazil i Bamn 
Ronssin states that at Porto Seguro there is a * quaif ^ similar 
to that of Pernambuco, Spaces of sevei'iil hundred miles in 
lenglh on the shores of the Gulf of Mexico, the United States, 
and of Southern Brazil are fomied by long narrow islands and 
spits of siind, including extensive shallow lagoons, some of 
w'hich are several leagues in widtln The origin of these linear 
islets is rather obscure : Prolessor Rogers (Report to British 
Association, vob iii. p. 13) gives reasons for suspecting that 
they liave been formed by the uplieaval of sand -banks, deposited 
where currents formerly met* The bar of sandstone at Per- 
nambuco has probably been formed in an analogous manner. 
The town stands partly on a low narrow islet and partly on a 
long spit of sand, in front of a low shore, bounded iu the dis- 
tance by a semicircle of hills* liy digging at low water near 
the town, the sand is ibund consolidated into sandstone, similar 
to that of the bar, but containing many more shells* If, then, 
the nucleus of a spit of sand, extending in front of the bay, 
had formci'ly become consolidated, a small change, probably of 
level, but perhaps merely in the currents, might have given 
rise, by \vashing away the loose sand, to a structure like that 
of the bar in front of Pernambuco and along the coast south- 
ward of it ; but without the protection afforded by the succes- 
sive growth of the above-named organic beings, its duration 
w'Oiild have been short* 
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The names fn ftatfes are all names ol places, and refer exclnslTely to tlie Appendix ; In 
i,velUdefluetl a^ipelogoes, or groups Of Uiaod^, tluj uame of each separate isLimd H not 
given. 



ABR 

Abrollvo$, Bra?,n» coated bj corals, \ 
79 

AbrolMs (AmtruMa), 220 
Abseuco of coral-rccfB from certain 
83 

Arnba, gulf of 255 
Aflmirallg group ^ 23 9 
Africa, casit coiLst, fringiiig-Pfief of, 
76. Madrcporitic rocky of, 179 
AfricHy €Cf$i €omi^ 246 
Ago of individual corals, 9y, 96 
Ahm, 226 
Aitutakij 202 
Aldabrat 244 
Alert rttf 217 

Alexander (^and Duke^ idatidj 205 
Allan, Dr. 

on II oluthuri se feedi ng on cora b, 
20 

on <|uiek growth of co^al^J at i 
Madrtgascjir, 104 
on reefs aficicted by currents, 79 I 
AUoufaiOUy 211 
Alphomef 248 
Amargura, 210 
Amhmna^ 227 
America^ wedooa^tj 197 
Amiranie^f 24 S 
AnachorUes^i 220 
An^nhas^ 234 

Aimmoubi, description of, 175 
Anatnouka, 210 



ATO 

Andaman i^lande^ 233 
AniilleSf 263 
Apftfm reef 23o 
Arabm FdiXj 250 
Areas, 

great extent of, interspersed 
with low islands, 121 
of subs Idea eo Eind of eleYatiout 
187 

of subsidence appear to b<v 
elongated, 188 

of subsidonee alternating with 
areas of elevation, 139 
Arru gremp^ 226 
Arzahiiggo, 225 
Asceasion, no reef at, S3 
Aflcidia, dopUi at which found, 1 16 
Asee^mptimt 243 
AskiVa^ 243 

Akaniie islands, @3, 213 
Atolb, 

brortolies in I heir reefs, 39, 1 45 
dimensions of, 27 
dimensions of groups of, 121 
not babied on craters, or on 
batiks of sediinent, or on 
rock, US, 123, 124, 125, 191 
of irrcguljvr fomiy, 28, 143 
steepness of their hanks, 29, 
162, 224 

wf 1.1th of their reef and iskts, 
28 
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ATO 

Atolls, 

thoir lowness, 120 
3d 

general range, lOo 
with jjart of their ret^f bttIi’- 
merged, and theory of, U7, 
lU 

whole T*eef subTnerged and 
theory of, 144 
Aug-usHn, Si,, 213 
A’ui'ora island, an npraised atoll, 121 
Aur(^riX, 190 

Austral islands, recently derated, 
174, las 

Amtml islands, 202 
Atisfra^iiif AUK co<ist, 229 
Australian Ijarrier-re^^f, 63, 163 
Austral inn drtrrter, 217 

Sahnyajt ffronpf 237 
Bnhfinm dwtjJfcs*, 258, 2oD 
Balirhac^ 234 
230 

Barin fjf^ 214 
Barrier-reef 

of Australia^ 63, 163 
of New Caledonia, 67 
Barrier-reefs, 

breaches throngh, 133 
not based OJi worn -down margin 
of rock. 66 

on banka of sediment, 67 
on aubfimrino craters, 68 
steepness of their thinks, 58, 
162, 233 

their probable vortical thick- 
r,css, 64, 132 

theorv of their formatiou, 131, 
135 

Btimpfoit sh'^al^ 217 
Bankd idnnd?, 216 
Banks in fke We$i 
Bashee islandif, 237 
Buss island, 203 
Baioat 2tl 
Beaupre 217 
Beecbey, Capt*, 

obligations of the author to, 30 
on submerged rcofs, 37 
account of Matilda island, 100 



CRY 

Belcher, Sir E. 

on boring through cokiI - reefs, 

98 

on changes in Bow atoll, 170 
on Clipper ton rock, 108 
Bellmfihaus.m, 1 98 
Bengal, gulf of, elevation of eastern 
sliores of, 1 79 
Bermuda islands, 264 
Bsueridge 209 
Bligh, 216 
Boiabola, view of, 3 
Bmnhnp slmali 239 
Banin 232 
Banin grmtp, 225 
Borings through coral reofs, 98 
; Borueo, W* coast, recently elevated, 

! 178 

i Bamm. 

B. camU 231 
NJK and IK caaM, 234 
N.eoa^t, 234 
tacslern bank, 230 
BoRcumen, 211 
Boston, 214 
Bouka, 218 
Bourbon, 242 
Bautou, 227 
Banian, 232 

Brazil, friTiging-reofs on coast of, 77 

Breaches through burrier-roofs, 133 

Brook, 2114 

Bunker, 204 

Bunoa, 234 

Bgron, 213 



Cagaj/iinejs, 235 
Cand^aria, 219 
Cargadas Caracas, 241 
Caroline island, 204 
Carolme arcki^Hdago, 220 
Carteret skoal, 226 
Caryophyllia, depths at which it 
lives, 116 
Caiitlij 235 
Cagrmm islmtd, 262 
Celebes, 228 
Ceram, 22G 

Ceylon, recently elevated, 179 
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CEY 

Cet/ton^ *210 

Cbng08» Great harik, description and 
theory of, 147 
Cliagos gixjup, 148 
Cfi^gos groupi 2 i J 
(ylmma oiiibedded in coral 

rock, U)6 

Cham is so on corjils preferriDg the 
iiurf, Ho 
Chjingos 

ia the state of Keeling atoll, 
20 

of atolls, 12R, 168 
Cliaauels 

leading into the lagoons, 50 
of atolls, 39, 146 

the MAhliva atolls, 43, 
49 

through barrier-reefs, 133 
CAa-sc, 213 
China sm, 23S 
Christmas iiroU, 100 
€hrijitim& 206 

ChHsimiiis idand (Indta^i ocean), 210 
Ciarman, 205 

Clarke, W* B,, on recent ole rati on of 
the Loyalty islands, 176 
CHpperion rocJct 197 
Cocos, or Keeling atoll, 7 
Cocos (iW* Keeling}, 240 
Cocos island {Pad^c), 197 
Cochin China, 240 
Coetwi, 243 
Comot^ group, 244 
Composition of coral formations, 1 53 
Conglomerate 

coral rock on Keeling atoll, 17 
on other atolls, 35 
coral Twk, 3 53 

Cook islands, recently eleTatt'd, 175 
islands^ 202 

Coral-rocks bored by Term i form 
animals, 19, lo4 
Coral- reefs, 

their distribution and absence 
from certain areas, 89 | 

deiftroyed by loose sediment, 87 
Coral-rock, 

at Keeling atoll, 16 
Mauritius, 74 



DAy 

Coral-rook, 

at Aletia, 93 
organic remains of, 154 
Corals, 

dead but upright in Keeling 
lagoon, 21 

depths at which thoy live, 1 13 
off Keeling atoll, 11 
killed by a short exposure, 8 
living in the lagouii of Keeling 
atoU, 18 

quick growth of, in Keeling 
laguon, 17 

merely coating tlie bothm of 
the sea, 78 

standing exposed in the Low 
archipelago, 163 
CoTullian eai, 164 
Coridlian sed^ 2 1 7 
CornvaiHs, 214 
Cosmolcdo, 244 
Couthouy, Mr. 

alleged proofs of recent olera- 
lion of the Low aTchipelago, 
168 

on ext.crriH.I lodges round coral 
islands, 138 

Crescent-formed roofs, 143 
Cuhaj 259 

Cuming, Mr., on the recent elevation 
of the PhUlippiues, 178 

Dana, Prof.s on the reef of Hawaii, 
82, 173 

dislribution of coral-reef s as 
affected by the temperature 
of the f^a, 84 

upraised coml-roek of Metiiu 08 
boring through cortil-rock, 98 
depth at wliidi corals live, 1 1 1 
subsi<lenco of the Mendiiia is- 
land, 163, 201 

subsidence in the Caroline 
archipelago, 167 
slight recent subsidence of the 
Puumotu archipelago, 168 
extension of the Hawaii iirchi- 
pcla^, 189, 268 
Kecjee islands, 211 
Bangeroits or LoVf archipelago, 198 
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DAN 

Dautfer Ulands, 20-5 
Dopth^i 

ut whi<rh reef-building eoniln 
Uw. 10/ 

at tho Red 8eit« 

and in the MnldivEi ai‘- 
ehipulagtj, 112 

at wJiich other comk and coml- 
llim can live, 115 
Jilfifhc qrmijK 201 

Diego 6nrcia, alow growtlt of recfn, 
02 

DlmensioiJ^ of the larger groups of 
atollp, 120 

Dissercrmeiit of tbe Maldira atolU^ 
and theorj of, oO, 140 
DiAtributioQ of eoml-reefsj 80 
Shmingo^ 202 
Dory Port, recently elevated^ 177 
B(ynj Port, 220 

Duchas«niug on rapid growth of 
comb*, 107 

isl«nda^ 21 6 

J}iircur^ 220 

Eap, 222 
}^u'tJK)uakca, 

i\l Keeling atoll 24 
in grou|)ffi of atolls, 129 
in ^Javigator archipelago* 176 
Indian archiyielago recently 
elevated, 177 
19S 

J^hrqtiirr, 220 
Khrenborg.. 

on iho banka of tho Red Sea, 
78, 250 

on depth at which cora^b live 
in tbo Bed Sea, 112 
on coraU prof(n?ring the svirf, 85 
on the antiquity of certain 
cornJ^, 95 
Eimeot 199 

lilevat^d, Roof of Mauritius, 71 
Elovurioua, recout^ 
ppof»f» of, 173 
iniiiiense nT^m of, 187 
Eit>L 222 

Elifabutb lalaRd, 98 

recently elovated, 174, ISS 



FRl 

E^i^aheth isiand, 193 
212 

Krtcireksl islands, 
their height, 62 
thoir geological composition, 

m, 68 

Eoua, description of, 175 
Kom^ 2J0 

Erupted matter, proliaMy not asso- 
ciuted wifJi thick masses of 
coral rock, 151 



Fiiis reeomly elci'atod, 177, 13D 
222 

Fanning, 206 
Fnrtdton de Mediniiia, 224 
Farsan Group^ 252 
FnMa. 216 

^"1^4 (trcMiMlagOf 211 

Fish, 

fee/iing on corals, 19 

killed in Keeling Jagcion by 
heavy rain, 2fi 

FisfluroH Hcross coral islandH, 129, 
252 

PilaRoy* Capk, 

on a enbmejgod shed at Keeling 
atoll 24 

on iiQ inundation in the Low 
arehipolago^ 12? 

F7int, 204 
Fiord, 230, 259 
Florida. 2G4 
Fofger^, 225 
Formom^ 237 

Forster* theory of coral formaiions, 
121 

Frederic rer/, 217 
FrmciHf 226 

Friendly gri^np recently elevated, 
175,183 

Frinihdh/ archipelago^ 209 
Fri aging-reef B 

absent where eoast precipitous, 
69 

breaehod in front of streams, 
8S 

described by MM. Quoy aiid 
Gaimard, 173 
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FET 

FritigiD|f-rcof#s 

not dosol/ aUached to shelving 
<5oasH 72 

of eaifl ooa£^ of AMca, 7$ 
of Cuba, 7o 
of Manriiius, 71 
on worn-down Lonltg of tot% 7$ 
ou banks of soflimontj 78 
thoir appearance when elevated ^ 
74 

thoir growth influencwl bj ewr- 
roars, 7^^ 

by shallowness of sea, 77 



Gal/fpa^M arcAipfJaffo, 197 
OiiU^a^ 243 

03imoior islands, section of, 65 
GatuAi^r MandSt ! 99 
Gardner, 206 
Gnepar-rico, 214 

Geological composition of coral 
formations, 153 
Gi/hcH apchipdago, 213 
Ot.f<do, 227 
Glor^ioso, 243 
Gloucester island, 128 
Gl&if^rerf, 262 
Oojitfjs, 198 
Oomp, 222 
Gotdou, 222 
Grampus, 225 
Gran Co^, 212 

Ore VOS, on tho recent elevation in 
the Bonin arcbipelago. 177 
Great Ohagos bank, description and 
thesoi^^ of, 53, 147 
Grey, Capu, on sacd-bars^ 72 

disunbution of the difTcrent 
classes of reefs, 162 
Gticdcs, 226 



Hales, Mr,, on subsidence in the 
Caroline archipelago, 167 
Hall, Oipt, on Loo Ghoo, 178 
Halstead, Capt., elevation of eastern 
sbero of Onlf of Bengali 179 
Harvey isbinds recently elevated, 
183 



KEF 

Ilarvep or Cook 202 

Height of encircled Islamls, 61 
Brrmia, 220 
Ifo<plou^ 221 

Holutburiie feeding on corals, 20 
Honduras^ roefoff, 261 
Ihm, 2U 

Houimin's Ahrolhos, 229 
Iiua.hdm, 291 
Hidlidimd, 205 
Humphrfitft 204 
Hunter, 211 

Hurncanca, effects of oneoral islands,. 
127 

Inmaum, 250 
Indtpchdenre, 212 

India, oast coast, recently elevated, 
179 

India, 250 

liregular reefs in shallow seas, 77 
islets of coral-rock, their formation, 

J5 

their destruction in the MaL 
divu atolls, 50 

Jtmttm, 262 
^arek, 204 

Jav>i recently elevated, 178 
Jam, 231 

Jokmion hiand, 206 
Juan de Horn, 243 
Juan de iVbra {Madagascar), 246 
Jukes^ Prof,^ the barrier reef of 
Austral iOt 64 

Kalafoa, 233 

Kamt^hatka, proofs of its recent 
clevMiion, 186 
Kark<dang, 226 

atoll, section of roef, 7 

KenUng, 

south aidl^ 240 
north atdt, 2-10 
Kf^ng, 226 
Kcmin, 203, 206 
Kmncdg, 217 
Kepptl i^and, 210 
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MAT 



KEP 

Keppoll* Ciipt., on tho reefs oml clo- 
vntion of Oelolios, 2‘2$ 

KumU '-2 •'IT 



Laecfidim grof^pf 211 
Liidioiie^ or Mariaims, recently alo- 
vatod, 177 

Ladr&w* srchip^^Of H%4 
Iiaj 5 CM)ii of Keeling atoll, 17 
Lagoons. 

bordered by inclined !odg^ 
nad walls, and tbeory of their 
formation, 41, 1S7 

of aiaall atolls filled up with 
sediment, 42 ^ ^ 

tiagoon-channeU within batrier 
rcofe. §9 

Lf^uoii -reefs, all submerged in some 
atolU, and all rising to the 
sntfiwo in others, 90 
Laacasiar rt^j 203 
Latte, 210 

Lartqlan idand^^ 218 
Lrcdgos round oertaiu lagoons, 41, 
187 
Xcf/A 223 

JAghihoeiee m/", 282 
Lloyd, Mr., on corals refixing them* 
sekes, 105 

Loo Cboo* recently cleTated, 179 
Loo Choo. 238 
l/^umad^, 217 

Ix)W archipelago, alleged proofs of 
its recent elevation, 16S 
Lon? arthipdago. 198 
Lowness of coral islands, 120 
LayiUly (Trowp, 217 
Luetpam, 234 

Lutk6, Adm., on fisflures across 
coral-islands, 129 
Lnisou recently elevated, ITS 
Luzm, 285 
LyoU, Sir C., 

on channels into the lagoons of 
atolls, 39 

on tho lowness of their leeward 
sides, 145 

on the nntiguity of certain 
corals, 96 



Lyell, Sir C. 

on tho appareot continuity of 
distinct coral-islamU, 154 
I on the recently elevate<l beds of 
I tho Red Sea, 1 8 1 

' MacAskiU Idxmd^, formed of up- 
raised coral rock* 189, 222 
JtfhcAffsnr dmii, 231 
J^acck^field hank, 239 

Mndngnwar, 

quick growth of corals at> 104 
madreporitic rock of, 1 79 
245 
237 

Maditra (/nra), 231 
Madura (/wififi), 240 
Mahtos^hdoo, theory of formation. 
Ml 

Malacca recently clov>itcd, 17S 
Malacca. 234 
Malcolmson, Dr„ 

on recent elevation of E. coast 
ul: ludiuj 179 

on recent elevation of Camaran 

island, ISO 
3/aAJc«, 204 
Maldivn atolls, 

and theory of their formation, 
43. 188, 140 

steepness of their flanks, 30 
growth of coral at, 103 
Mcddka archipelago^ 24 1 
' 3!angaia island, 

recently elevated, 174, 183 
Mangaia. 203 
Mange, 224 

Maciaruis, recently elevated, 177 
Mariana archipflago^ 224 
Marittf., 223 
Marqueme, 201 

Marquesas, subsidence of, 163, 201 
M{irdtallarcki2>dago, 213 
Matfih(dl. i^and., 225 
Martiniqm. 263 
Martme, 223 

Marys, St., in Madagascar, harbour 
made in reefs, 68 
Mary idand, 206 
MUititda atoll, 101 



The Complete Work of Charles Darwin Online 



INDEX. 



275 



MAU 

Hiiiuitius, 

fritkging-reefVs of* 69 
depths at which comls there 
live, 101> 

Tee^iitJj elevated, 170 
Mauritius^ 242 
Jdjiuruii, H&ction of, G5 
Mmmai 200 
Menehicioff atoll, 28j 143 
Mendana islea^ 201 
Mmdana isles ^ 210 
HeudaDa island, subside Dce of, 103, 
201 

Meiid, 98, 121, 183 
gulf of^ 258 

Millepora complaaata at Keeling 
atoll, 9 
Mindcfro^ 235 
MoJdUa^ 241 

Molucca isbnida recently elevated, 
177 

Mopeh<K, 201 

Moresby, Capt., on boring through 
coral-reefs, G9 
Morty, 227 
Mosquito eoast^ 262 
Mosquillo atoll, 143 
My sol, 227 

Namolirrek group, J43 
^ItdunaSf 234 

Navigator archipelago, elevation of, 
176 

Ifavigat^ archipelago, 208 
Nedcrlandiseh idam^, 212 
Nelson, lacut., 

on the consolidation of coral- 
rock, under water, 97 
tlieory of eoral-formatioos, 125 
on the Eermuda islands, 264 
Britain, 219 
New Caledonia, 

steepnosB nf its reef 67 
barrier-reef of, 67, 136, 142, 
163 

Kew Caledonia, 217 
New G-ubiea {E. end)^ 219 
New &ui}iea (IF. ena), 225 
New Hanover, 219 

T 



PET 

i New Hebrides, recently elevated, 176 
New Hehrideo, 214 
Now Ireland recently eleratod, 177 
New Ireland; 219 
New Nanttioket, 205 
Nicobar islands, 233 
Niouha, 210 
Nullipnrf5e, 

■ at Keeling atoll, 12 

on the reefs of atolls, 33 
on barrier reefs, 57 
their wid^. distribution and 
abundance, 116 



Objections to the theory of subsb 
deuce, 151 

Ocean uiande, 208, 213 
Om, 212 
On&uafu, 21 1 
Ornm^, 250 
Oscar grottp, 212 
Oscillations of level, 182, 190 
Oualanor Ualan, 220 
Ouluthy atoIL 101 
OutongJaviij 219 



Palmi'on, 

S,W, coast, 234 
iVl IK coast, 235 
wesferTt bank, 239 
Paimerilan, 202 
Podmgra, 206 
ParewdU, 238 
Paraqum, 239 
Patclum, 237 

Pa\mwtu arcMpdago, 168, 198 
Pclew islands, 222 

Pemba ielaui singular form of, 180 
Pcvfba, 248 
Pmirhyn, 204 
Pirtgrino, 204 

Pernambuco, bai’ of sandstone at, 
73,265 

Persian gulf, recently elevated, 181 

P^skm gulSi 249 

Pescado, 204 

Pesmdkrres, 238 

Peyster group, 212 
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FSl 

Thilip, 222 

Philippine nrchipolago, recently elo- 
vnted, ITS 

^hilipphif archip«l^Oi 255 
PhotiiiXi^ 208 
Fl^mramf 221 
PUcairn^ ISS 
bank* l-SO 
Pitt Utmdi, 213 
Pl4ttit, 24S 
PleaMHf^ 213 

Porltca» chi*‘f oaral on margin of 
Keolinic ntoU, 9 
Po4iiti0»^, 232 
Pouynipcl^, 166 

itit probable subsidence, 1 67 
PottffnijKU, 220 
Pr<ttas 233 
Pnj6r/,2U 
Prc^d^ctf 243 
Ptt^to iUco, 263 
Pwh Aim>, 223 

Pumice foated to coral islands, 154 
P?/?Maartf 209 

Pymrd dc I^amb astJonjEh-ment at tiro 
atoUain tile Indian Ocean, 20 



Quoy and Oaimatdi 

deplba at which corals live, ! 13 
description of reefs applicable 
only to fringing-rc©^ 173 



Rango of atolls, 165 
Papa, 203 
Eear.mt, 205 
Red S^, 

banks of cock coated by reefs, 78 
proofs of its recent elevation, 180 
«UT>posod subsidenee of, 1 82 

Sek, 250 

Roofs. 

irregular in shallow seas, 77 
rising to the surface in som© 
laf^ns and aU snbmergod in 
others. 01 

tbdr distribution* SO 

their absence from Eome coaata* 

31 



SED 

107 

Ring-formed reefs of the 3raldira 
atoUa, and theory of, 44, 13S 
P^rigue^. 243 
PQ^m, 225 
Poseisimdt 200 
Poickcft^ 213 
Pmtoif^<th, 212 
22! 

Poivtfy aAonis, 230 
Rnppolb Pr., on the recent deposit a 
of Hod Boa, 130 



Saile, ile dt, 242 
Sahm dt Mafha, 24! 

St, Pierre, 243 
Sai^m archip^l^^o, 213 
Samoan, or Navigator anchipelago, 
elevation of. 173 
Samoa archiimloffo, 203 
Sandbars, parallel to coasts, 73 
Smdalvjood, 220 

Sandwich archipolago, recently ele- 
vated* 173 

exteoaion of, 186, 20S 
Sandwich Archipdaga, 207 
Sanserot, 223 
Santa Ctvc group, 216 
^vago island recently elevated, 175 
Satagt, 200 
Sacu, 220 

Saga, or Sahia de Mah, 241 
Scarhoroughj$hoalf 230 
Scartis feeing on corals, 1 0 
Schmtm, 210 
SkUlgA9\ 

Scoria) floated to coral iatands, 154 

BsotCn reefy 230 

Sections, 

of islands encircled by barrier- 
roefs* 66* 131 
of Bolabola, 132 
Sodiment^ 

in Keeling-bigoon, 10 
in other atolls. So* 47 
injurious to corals. 87 
transported from cora!*islands 
tar seaward. 154 
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SEM 

Semper, Prof*, 

on the Pelei? islimde, 223 
on the reef of the Philippine 
archipelago, 236 
Beniavine, 220 
fScranffam, 228 
Se^cheUeti^ 242 

Ship-bottom quickly coated with 
coral, 105 
Sm^th uiandt 206 
Society archipelago, 163 

stationary condition of, 167 
alleged proofs of recent eleva- 
tion, 183 

Society Archipd<igo, 190 
Bocotra^ 250 
Balor, 230 

Sooloo islands, recently elevated, 
178 

Bodoo islands j 234 
Sottvorofff 205 
Spallanzani 

on ^owtli of coral, 106 
Bpanish, 223 
Btarbwkf 204 

Stones transported in roots of trees, 
154 

Storms, effects of on coral-islands, 
127 

Stutchbury, Mr,, 

on the growth of an Agaricia, 
106 

on upraifred corala in Society 
archipelago, 183 
Subsidence 

of Keeling atoll, 23 
extreme slowness of, 156, 190 
areas of, apparently elongatetl, 
IBS 

areas of, immense, 187 
great amount of, 190 
(ff, 255 

Sidphur islands^ 225 
Sumatra, recentlj'- olevated, 178 
Suniatrat 232 
Sumbawa, 230 

Surf favourable to the growth of 
massive corals, 85 
SmU&tv shaadt 239 
Bgdnep idand^ 205 



YIT 

Tahiti, alleged proofs of its recent 
elevation, 183 
7khiti 199 
Tanasserkn^ 234 

Temperature of the sea at the Gala- 
pagos archipelago, 82 
Tmimher islandj 226 
Teiurca^ 200 

Theories on coral formations, 117* 
125 

Theory of subsidence, and objec* 
tione to, 124, 151 

Thickness, vertical, of barrier-reefs, 
06, 132 

'I’b&maSf 263 
Tikepia^ 216 

Timor recently elevated, 1 77 

ThnoTf 22S 

Tmor-lauit 226 

Tokan Besjsesa, 232 

Tongatabou, description of, 175 

TongataboUf 209 

Tomidn, 240 

Tm%a% 291 

Toufoa, 210 

Toumua^ 216 

Traditions of change in coral-islands, 
12G 
Tridaense, 

emb^detl in coral-rock, 1 54 
left exposed in the Low Archi- 
pelago, 168 

Tubularia, quick growth of, 106 
234 

Tiirmffe 262 
Turtk, 2U 



Ualant 220 



Yanikoro, 

section of, 64 

its state and changes in its reefs, 

167 

Vanikoro^ 216 
Vim 217 
Virgin Gi>rda, 263 
VUi archipdagOi 211 
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TOL 

Voicnnic 

Ulaiids^ with living coiald on 
their shores, 81 

matter, probably not associated 
■with thick masses of coral- 
rock, 154 
Volcanos, 

authorities for their position on 
tho map, 158 

tboir prosenco detorminod by 
the moTcmcnts in pTogrosa, 
1S4 

absent or extinct in the areas 
of subsidonco, 185 



Waigiou, 225 
WmU 211 
Wathingi^t 206 
21S 

WoUsteod, Lieut,, account of a ship 
coated with coiula, 105 



'ZON 

West Indice, 

banks of sediment, fringed by 
reefs, 78 

recently elevated, 181 
West IndUSt 266 
Whitsunday island, 
view of, 2 

changes in its state, 128 
WilUatns, Bov* J*, 

on traditions of the natives 
regarding corald^anda, 126 
on auUquUy of certain corals, 96 
WcUfKmsly, 198 
Westock, 204 

XullaUi4inds,n7 

Yorktslandf 205 
Fucafnn, coo#f <j/*, 261 

Zones of different kinds of corals out- 
side the same reefs, 74, 89, 99. 
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BOLABOLA 

Fig-i. 



BOW ATOLlS 
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